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PLANS FOR THE 39TH MOLECULAR SPECTROSCOPY SYMPOSIUM
THE OHIO STATE UNIVERSITY, COLUMBUS, OHIO

JUNE 11-15, 1984

The usual first mailing will be sent about the end of 1983 updating
the list of Invited Speakers given below:

1. Dr. Robert W. Field, Massachusetts Institute of Technology,
Dr. Takeshi Oka, University of Chicago,
Dr. Richard J. Saykally, University of California, Berkeley.

2. A special "SEMINAR ON HYDROGEN" (gas phase Os well as solid state) is
being organized.

Dr. I. F. Silvera, Harvard University and Dr. J. Van Kranendonk, University
of Toronto, have accepted to speak on different aspects of hydrogen.

Dr. R. H. Tipping of the University of Alabama, who Is currently associated
with the Air Force Geophysical Laboratory is coordinating some of the

arrangements for this seminar.

3. Attempts ore being made to arrange a "SPECIAL SEMINAR" on the calculation
of diatomic potential curves, dissociation energies and spin-orbit effects,
In conjunction with the American Conference on Theoretical Chemistry which
will start at the end of the week of the 39th Molecular Spectroscopy
Symposium here on June 15, 1984.

Professor R. H. Pitzer of the Ohio State University is In charge of the

arrangements for this soeciol seminar at the Ohio State University.

4. Coblentz Society will continue their Participation.

5. Deadline for receipt of Contributed Papers: March 1. 1984.

Please follow the format reproduced on the back of this page. It is the
same as In the previous years, We realize that another format may look
satisfactory but it will not contribute to our being able to maintain
some uniformity. We feel that It will look nice all the way around If
there Is complete compliance on this matter.

Thank you for your cooperation.
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START HERE THIS DIMENSION MUST BE PRESERVED FOR EVERY ABSTRACT
IN 8 in.(-20 cm)

HIGH RESOLUTION FOURIER s$Rcr1osc0ry OF THE Ar' LASER 5145 A EXCI ED 12 FLUORESCENCE SPECTRUM

c R. BACIS, S. CHURASSY, I. W. FIELD, J. B. KOFFEND, AND J. VERGES

This preilminary work demonstrates the feasibility of obtaining a high resolution opectrus
of cw laser excited fluorescence using a Fourier spectromeer.0-

Using 1.3W of 5145 A ultide power from an Ar laser, fluorescence is excited mainly
via the P(13) and R(15) (43.0) line. Nearly all of the -- fluorescence linem [P(13). P(17),
R(11), R(L5)] originating from v' - 43 are observe' 85. Their recorded full width

g at half mai in the 7000-8oo c-,n ree',-

(A Rotational relaxation (&J - d. \ too, odd-j" satellite ines. Will be copied
uu The pa"I rpeeters are obtain \ a o 0  rottion-vibration levels of photographically

I X. 1;X~ through v" - 85. 11Is Oa 1T

in ! The vibrational line intensl 00- .. the alternation pattern predicted by the

1 1-rack-Condon factors of Tallingh, -e agreeent beteen measured and calculated in-
tensities is only qualitatlive for ... gn v" values. This has important implications With re-
spect to the 12 laser gain measurements discussed in the following talk.

Ij. Tellinhuisen, J. Quant. Spect. tad. Transf. 19, 149 (1978).

Address of Rcis and Churass: Laboratoire de Spectromtrie toniqus at Holtculaire 43,
bd du It Novembre 1918, 69621 - Villeurbanne, France.
Address of Field and Koffend: Department of Chemistry. Massachtsetts Institute Of Technology,
Cambridge, Massachusetts. 02139.
Address of Vergas: Laboratoir. AimS Cotton - C.N.R.S. I1, Bttissnt 505, 91405 - Orsay, France.

Time required: 15, 10 or 5 sin.

Chemical formulas & sketches of moJecularSesl]on in which paper in

reco.nded for prenentation: structures for larger molecules:

PLEASE NOTE: 1. Use good quality bond paper and an electric typewriter when preparing
your Abstract. In the space for title and abstract you may include
tables, equations and line drawings.

2. Send an original and one copy.

3. Please use a larger envelope for mailing. Do not fold.

4 Underline the name of the person who will be presenting the paper.

5. Include only theTITLE, AUTHORS' NAMES, and TEXT in the abstract.
The author's affiliation should be given separately, as shown in the
example.

6. Supply chemical formulas and rough sketches of structures of the
larger molecules. This information is useful in arranging sessions.

General categories of sessions:

II) Electronic Ilarge molecules) 16) Laser spectra Ill) Raman spectr
(2) Electronic (small molecules) 1(7) Liquid state (12) Solid state (electronic).
f3) Electronic (theory). I(8) Matrix spectra 113) Solid state (Infrared),
(4) Energy transfer 19() Microwave (14) Techniques ..... /
(5) High resolution IR & THEORY, 110) Molecular beam 115) Vibrational analysis

A'
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MONDAY, JUNE 13, 1983 -- 9:30 A.M.

Auditorium, Independence Hall

Chairman: S. LESLIE BLATT, Chairman, Department of Physics,

The Ohio State University, Columbus, Ohio.

Plenary Session

MA. THE SPECTROSCOPY OF ORGANIC DIMERS ....................... 40 min.

DONALD H. LEVY, The James Franck Institute,
The University of Chicago, Chicago, Illinois,
60637.

MA2. HIGH RESOLUTION INFRARED SPECTROSCOPY-- ARRIVED IN
BOMBAY IN 1980--SUBSEQUENT DEVELOPMENTS (Aspects

of Indo-U.S. Program on Science & Technology) ............ 40 min.

ROMOLA D'CUNHA, Spectroscopy Division,

Bhabha Atomic Research Centre, Trombay,
Bombay 400 085, India, and Department of

Physics, The Ohio State University, Columbus,
Ohio, 43210. j

MA3. RECENT STUDIES OF NUCLEAR HYPERFINE EFFECTS IN THE
INFRARED SPECTRA OF SPHERICAL-TOP MOLECULES .............. 40 min.

JACQUES BORDE, Laboratoire de Physique des
Lasers, Universite Paris-Nord, Laboratoire
Associe au CNRS No. 282, 93430 Villetaneuse,
Paris, France.

PLEASE NOTE:

ALL PAPERS IN THE E AND n SESSIONS HAVE BEEN

SCHEDULED FOR PRESENTATION. THE LISTS OF THESE LATE

PAPERS APPEAR ON PAGES 37-38 FOR E AND 39-40 FOR R.

THE ABSTRACTS FOR THESE PAPERS HAVE BEEN INCLUDED IN

THE SESSIONS IN WHICH THE PAPERS ARE ACTUALLY BEING

PRESENTED. PLEASE NOTE THAT A NEW SESSION FD HAS BEEN

ADDED SINCE THE PROGRAM WAS FIRST PREPARED IN MARCH.
THE SCHEDULE OF PAPERS IN THIS SESSION FD APPEARS ON

PAGE 40. THE LOGISTICS INVOLVED IN THE PREPARATION OF

THE PROGRAM AND ABSTRACTS NECESSITATED THIS PROCEDURE.
IF THERE IS ANY CONFUSION, PLEASE SPEAK TO ME.

THANK YOU,
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MJNDAY, JUNE 13, 1983 -- 1:30 P.M.

Room 1153, Physics Laboratory

Chairman: LARRY PUGH, Rocketdyne, Canoga Park, California.

MEI. K"-ASUREMENTS OF VARIOUS ISOTOPIC RATIOS AT THE 0.1 PERCENT PRECISION LEVEL
WITH A COMPUTER CONTROLLED DIODE LASER SPECTROMETER SYSTEM................... 15 min.(l:30)

R. L. SAMS and J. R. DEVOE, National Bureau of Standards, Canter
for Analytical Chemistry, Laser Analytical Chemiatry Group,
Washington D.C., 20234.

ME2. LINE INTENSITY MEASUREMENTS OF ISOTOPIC, HOT BAND, AND HOT HOT BAND
TRANSITIONS IN THE v 2 REGION OF CARBON DIOXIDE................................ 10 min.(1:47)

J. O'CONNELL, A. W. MANTZ, Laser Analytics, Inc., 25 Wiggins Avenue,
Bedford, Massachusetts, -01730; W. 0. GALLERY, and S. A. CLOUGH,
Air Force Geophysics Laboratory/OPI, Hanacom Air Force Base,
Massachusetts, 01731.

ME3. WING CORRECTIONS TO MEASURED 1IALT-I4IDTHS...................................... 15 mn. (1:59)

BER2IAR FRIDOVICH, NOAA/NESDIS, FOB #4. E/RAZL, Washingtoa, D.C..
20233.

ME4. STRENGTHS, HALF-WiDTRS, AID TE14PERATUJRE DEPENDENCE OF HALF-WIDTH, FOR
Rt BRANCH SPECTRAL LINES IN THE v AND (v2 -v 3 ) -v 2 BANDS OF CO 2 NEAR
4.3 Lm, MEASURED WIITH A DIODE LAJER........................................... 10 mn. (2:16)

V. MAIATHY DEVI, BERNARD FRIDOVICIS, 0. J. JONES, amd O.G.S. SNYDER,
N'3AA/NESDIS, FOB #4, E/RA21, Washington, D.C.. 20233.

W-5. FOREIGN GAS BROADENED WIDTHS OF CO 2 AT 9.4 AND 10.4 um....................... 10 min.(2,28)

N. H4OKE, B. HAWKINS, and J. SHAW, Department of Physics. The Ohio
State University, Columbus, Ohio, 43210.

MF6. LINE PARAMETERS FOR THE 5-um BANDS OF CARBON DIOXIDE......................... 10 min.(2:40)

C. P. RINSIAND, D. C. BENNER., Department of Physics, College of
William and Mary, WLi1iamabirg, Virginia, 23185; D. J. RICHARDSON,
Systems and Applied Sciences Corporation, Hamipton, Virginia, 23665;
sad M.A.H. SMITd, NASA Langley Resaarch Center, Nail Stop 40LA,
1ampton, Virginia, 23665.

ME?. MOBLECULAR CONISTANTS OF 1 C 1602 BANDS IN 1900 -.v-L 1M2150 cm.................. 10 1.n.(2:52)
111#iIMF SAKAI, Astronomy Research Facility, University of
Massachusetts, Amherst, Massachusetts, 01003.

Intermiss ion

ME8. 12C 160'80: HIGH RESOLUTION. EMISSION SPECTRA BY FOURIER TRANSFORM
SPECTROSCOPY (FRON 2000 TO 2400 CM1 )..................................... 15 min.(3:15)

D. BAILLY G. GUELAC'SVILI, and C. ROSSETTI, Laborstoire dlInfrarouge,
Universitl de Paris-Sud, 91405 Orsay, France.

ME9. ANALYSIS OF 6v 3' 1 BANDS AT BOOK 13C 1602 AND 13C 160 0SO............... :......10 sin. (3:32)

MARKP. ESPLIN, Stewart Radiance Laboratory, Utah State University,
Bedford, Massachusetts, 01730; and LAURENCE S. ROTHMNAN. Optical
Physics Division, U.S. Air Force Geophysics Laboratory, Nanscom
Air Force Base, Massachusetts, 01731.

ME 10. TUNABLE DIODE LASER MEASUREMENTS OF INTENSITIES AND SELF-BROADENED WIDTHS
OF THE 0001I-1000 BAND OF NIo.................................................. 10 mn. (3:44)

CA. DEJOSEPH. JR. and D. R. POND, AFWALIPOOC-3, Wright-Patterson
Air Force Base, Ohio, 45433.

MEIL. INTENSITIES AND COLLISIONAL LINEWIDTHS OF N 20 FROM FOURIER TRANSFORM

SETA........................................................S 15 io.3:56)
N. LACOME A LEVY, *ad G. GIJELACHVILI, Laboratoira d'lnfraroaga,
UniveraitI 'de Paris-ud, 91405 Orsay, France.

'(512. TEMPERATURE DEPENDENCE OP THE 0 -BROADENED LINE WIDTHS Of Xi20...............10 mim.(4:13)
2

R.L. AMKINS and J7. N. SHAW, Department of Physics, The Ohio
StAte UivOTSit-Y, Columbus, Ohio, 43210.
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ME 13. THEORETICAL DETERMINATION OF N 2-BROADENED HALFWIDTHS OF OZONE .........10 mn. (4:25)

Ri. R. GAHACHE, The Center for Atmospheric Research. University of
Lowell Research Foujndation, Loiaell, Massachusetts, 01854; R. W. DAVIES,
GTE/Sylvania, 40 Sylvan Road, Walthm, Massachusetts, 02154; and
L. S. ROTHMIAN. Optics Division, Air Force Geophysics Laboratory.
Hanscom Air Force Base, Massachusetts, 01731.

MEl4. DIODE LASER LABORATORY SPECTROSCOPY SUPPORTING THE l2 La !IETERODYINE
DETECTIONI OF C 2 H6 ON JUPITER ............................................. 15 mn. (4:37)

D. E. JENNINGS, Laboratory for Extraterrestrial Physics. Infrared
and Radio Astronomy Branch, NASA-Goddard Space Flight Center,
Greenbelt, Maryland, 20771.

MEI5. E 7 will be presented here(A. S-C. CHEUNG)................................ 10 min.(4:54)
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MONDAY, JUNE 13, 1983 -- 1:30 P.M.

Room 1009, Physics Laboratory

Chairman: R. D. KNIGHT, Department of Physics, The Ohio State University,
Columbus, Ohio.

MFI. LINE ASSIGNMENTS IN THE H-F STRETCHING FUNDAMENTALS OF THE NP DINER ......... 15 min.(1:30)

W. J. LAFFERTY and A. S. PINE, Molecular Spectroscopy Division,
National Bureau of Standards, Washington D.C., 20234.

MF2. MILLIMETER WAVE INVESTIGATION OF THE HF DINER ................................ 15 min.(1:47)

R. D. SUENRAM, F. J. LOVAS, and W. J. LAFFERTY, Molecular Spectroscopy
Division, National Bureau of Standards, Washington D.C., 20234.

MF3. MILLIMETER WAVELENGTH STUDY OF THE HF-H 2CO SYSTEM ........................... 15 min.(2:04)

F. J. LOVAS and R. D. SUENRAM, Molecular Spectroscopy Division,
National Bureau of Standards, Washington D.C., 20234.

MF4. MILLIMETER AND SUBMILLIMETER SPECTROSCOPY OF MOLECULAR IONS IN A
NEW MAGNETICALLY ENHANCED SOURCE ............................................ 15 min.(2:21)

GRANT M. PLUMMER, Department of Physics, Duke University, Durham,
North Carolina, 27706; GEOFFREY A. BLAKE, Department of Chemistry,
California Institute of Technology, Pasadena, California, 91125;
WAYNE C. BOWMAN, Bell Laboratories, Whippany, New Jersey, 07981;
ERIC HERBST and FRANK C. DE LUCIA, Department of Physics, Duke
University, Durham, North Carolina, 27706.

MF5. MICROWAVE SPECTROSCOPY OF WATER BETWEEN 500 GHz AND 1000 G~z ................ 15 min.(2:38)

JAMES K. MESSER, Department of Physics, Duke University, Durham,
North Carolina, 27706; PAUL HELMINGER, Department of Physics,
University of South Alabama, Mobile, Alabama, 36688; and FRANK C.

DE LUCIA, Department of Physics, Duke University, Durham,
North Carolina, 27706. I i

Intermilss ion

MF6. EXCITATION MECHANISMS IN THE HCN FIR LASER ................................... 15 min.(3:lO)

DAVID D. SKATRUD, Department of Physics, Duke University, Durham,
North Carolina, 27706; GEOFFREY A. BLAKE, Department of Chemistry,
California Institute of Technology, Pasadena, California, 91125;
K.V.L.N. SASTRY, Department of Physics, University of New Brunswick,
Fredericton, New Brunswick, E3B 5A3, Canada; and FRANK C. DE LUCIA,
Department of Physics, Duke University, Durham, North Carolina,
27706.

HF7. ENERGY TRANSFER MECHANISMS AND TWO PHOTON EFFECTS IN 
13
CH3F ................. 15 min.(3:27)

WILLIAM H. MATTESON, DAVID D. SKATRUD, and FRANK C. DE LUCIA,
Department of Physics, Duke University, Durham, North Carolina, 27706.

MF8. TONE-BURST MODULATION COLOR CENTER LASER SPECTROSCOPY ....................... 10 min.(3:44)

CHRISTOPHER S. GUDEMAN, MARIANNE H. BEGEMANN, JURGEN PFAFF, and
RICHARD J. SAYKALLY, Department of Chemistry, University of
California, Berkeley, California, 94720.

MF9. VELOCITY MODULATED LASER ABSCRPTION SPECTROSCOPY OF MOLECULAR IONS .......... 15 min. (3:54)

CHRISTOPHER S. GUDEMAN, MARIANNE H. BEGEMANN, and RICHARD J.
SAYKALLY, Department of Chemistry, University of California,
Berkeley, California, 94720.

MFIO. MEASUREMENT OF THE v1 BAND OF HCO+ .......................................... 15 sin. (4:09)

CHRISTOPHER S. GUDEMAN, MARIANNE N. BEGEANN, JUGEN PFAFF, and
RICHARD J. SAYKALLY, Department of Chemistry, University of
California, Berkeley, California, 94720.

MFIl. MEASUREMENT OF THE v I BAND OF NM ............................................ 15 sin. (4:26)

MARIANNE H, BEGEMAN, CHISTOPHER S. GUDEMAN, JURGEN PFAFF, and
RICHARD J. SAYKALLY, Department of Chemistry, University of
California, Berkeley, California, 94720.

MF12. ULTRAVIOLET LASER INDUCED FLUORESCENCE SPECTROSCOPY OF MOtZCUIAR IONS IN
A RADIOFREQUENCY ION TRAP..................................................... 15 aim. (4:43)

CECILIA MARITNER, JURGEN PFAFF, NELL ROSENBAUM, and RICMARD J.
SAYKALLY, Department of Chemistry, University of California,
Berkeley, California, 94720.

MF13. ZIO will be presented here(NATHAN N, AISE) ................................ 10 mI (5:00)

ORb
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1N3NDAY, JUNE 13, 1983 -- 1:30 P.M.

Room 1005, Physics Laboratory

Chairman: W. R. M03MAW, Department of Chemistry, Williama College,
Williams town, Massachusetts.

MCI. TWO LASER FRAGMENTATION STUJDY OF BUTADIENE ................................. 15 min.(l:30)

A. M. WOODWARD, S. D. COLSON, W. A. CHUPKA, and M, S. SEAVER,
Sterling Chemiatry Laboratory, Yale University, New Haven,
Connecticut, 06511.

Mr2. PREPARATION AND PNOTODISSOCIATION OF CR 3 I' BY HULTIPHOTON PROCESSES ......... 15 min.(l:.47)

A. M. WOODWARD, S. D. COLSON, W. A. CHUPICA, and M. S. SEAVER,
Sterling Chemistry Laboratory, Yale University, New Haven,
Connecticut, 06511.

NG3. RESONANT MULTIPHOTON IONIZATION AND ELECTRON IMPACT SPECTROSCOPIC
INVESTIGATIONS OF DIENES ................................................. 15 mn. (2:04)

A. SABLJ1C, R. MCDIARMID, National Institutes of Health, Bethesda,
Maryland, 20205; and J. P. DOERING, Department of Chemistry, The
Johns Hopkins University, Baltimore, Maryland, 21218.

NG4. ELECTRONIC SPECTRA OF CONCENTRATED SOLUTIONS................................ 5 min.(2:21)

LEIGH B. CLARK, Department of Chemistry, University of California-
San Diego, La Jolla, California, 92093.

MG5. POLARIZED ELECTRONIC SPECTRA OF PYRIMIDINES ................................ 10 min.(2:28)

JOEL NOVROS, The Johns Hopkins University, Baltimore, Maryland,
21218; FRANK ZALOUDEK, The Charles University, Prague, Czechoslovskia;
and LEIGH B. CLARKC, Department of Chemistry, University of California-
San Digo, La Jolla, California, 92093.

NG6. TIME-RESOLVED FLUORES'CENCE DEPOLARIZATION IN THE DECAY OF INTERMEDIATE
CASE MOLECULES. ZERO-FIELD LEVEL CROSSING OF THE M4OLECULAR EIGENSTATES
OF IB 3 PYR.AZINE ......................................................... 15 min.(2:40)

Y. MATSUMOTO, L. H, SPANGLER, and D. W. PRATT, Department of Chemistry,
University of Pittsburgh, Pittsburgh, Pennsylvania, 15260.

Intermission

MG7. ON THE ORIGIN OF THE ROTATIONAL STATE DEPENDENCE OF THE DECAY OF 183u
PYRAZINE. ANGULAR MOMENTUM SELECTION RULES IN INTERSYSTEM CROSSING....15 mn. (3:10)

Y. MATSUMOTO, L. H. SPANGLER, and 0. W. PRATT, Deportment of Chemistry,
University of Pittsburgh, Pittaburgh, Pennsylvania, 15260.

MG8. MAGNETIC FIELD EFFECTS ON THE DECAY OFP B3u PYRAZINE IN A SUPERSONIC JET.... .15 mn. (3: 27)
L. H. SPANGLER, Y. MATSUIWrO, and D. W. PRATT, Department of Chemistry,
University of Pittsburgh, Pittsburgh, Pennsylvania, 15260.

MG9. LASER INDUCED FLUORESCENCE EXITATION SPECTRA OF 1-FLUORO, 1-CRIWNO, AND
l-BROMNAPHTHALENE IN A SUPERSONIC JET.................................... 15 mn. (3:44)

N. V. RAMAKRISNNA and D. W. PRATT, Department of Chemistry, University
of Pittsburgh, Pittsburgh, Pennsylvania, 15260.

MG1O. OPTICALLY DETECTED MAGNETIC RESONANCE STUDIES OF TRIPLET CYCLOPENTANONE
AND SOME OF ITS ISOTOPICALLY LABELED DERIVATIVES ........................... 15S mo. (4:01)

W. BRYAN YNEand D. W. PRATT, Department of Chemistry, University
of Pittsburgh, Pittsburgh, Pennsylvania, 15260.

NG11. ELECTRONIC EXCITED STATE PROPERTIES OF SEVERAL SMALL RING COM4POUNDS ......... I1 miin.(4:18)

D. D. ALTENI.ON, L. LIN. L. ASHWORTH, and B. R. RUSSELL, Department
of Chemistry, North Teas State University, Denton, Texas, 76203.

MG12. TWO-PROTON %XCITATION SPECTRUM OP PERYELD................................. 15 am. (4:35)

Y. C. CHNG Departiment of Chemistry, Michigan State University,
East Lansing, Michigan, 48824; 1. SUZUKA, College of Engineering,
Nihon University, Eoriyams , Fukushims-ken 963, Japan; end
Q. K. LERO!, Departmemt of Chemistry, Michigan State University,
last Lansing, Michigan, 48824.

RO13. PNOTO-79RAL SP2CTROSCWPY OF BSNZ=N AND PYRIDINE PILMS SUPPO0R79D ON METAL
SURFACES.................................................................IS3 aim. (4:52)

P. GIRACETE, M. W XN, and A. R. PRACES, Departmemt of Chemistry,
University of Michigan, Anni Arbor, Michigan, 46109.



MO'IDAY, JUNE 13, 1983 -- 1:30 P.M.

Ro~m 1038, Evans Chemical Laboratory

Chairman Before Intermission: H. D. B1ST, Indian Institute of Technology,
Kanp~ir, India.

Chairman After Intermission: RUSSELL H. BARNES, Battelle Columbus Laboratories,
Columbus, Ohio.

MHl. FAR-INFPRAIED AND RESONANCE RAMAN SPECTRA OF POLYHALIDES...................... 15 min.(1:30)

E. M. HOUR, L. -H. CHEN, and J. LAANE, Department of Chemistry, Texas
A&M University, College Station, Texas, 77843. Present address of
E. M. NOUR,Departnent of Chemiatry, Zagazig University, Zagazig, Egypt.

1812. THE FAR-INFRARED TORSIONAL SPECTRUM OF METHYL SILANE......................... 10 min.(l:
4

7)

H. JAGANNATH, M. WONG, and 1. OZIER, Department of Physics, University
of British Columbia, Vancouver, British Columbia, V6T 2A6, Canada.
Present address of M. WONG-Canada Centre for Remote Sensing, Ottawa,
Ontario, EtA 0Y7, Canada. I. OZIER is on leave (1982-83) at the
Herzberg Institute of Astrophysics, National Research Council,
100 Sussex Drive, Ottawa, Ontario, KIA OR6, Canada.

MH13. VI BRATIONAL ANALYS IS AND NORMAL COORD INATE CALCULATIONS OF SOME ALKYL
THIOCYANATES AND ISOTV.IOCYANATES..........................................15 aim. (1:59)

H. L. HEUSEL, J. R. DURIG, J. F. SULLIVAN, Department of Chemistry,
University of South Carolina, Columbia, South Carolina, 29208; and
S. CRADOCK, Deportment of Chemistry, University of Edinburgh,
EN9 3JJ - Edinburgh, Scotland.

1114. CONFORMATIONAL BARRIERS TO INTERNAL ROTATION OF 3-FWAOROPROPENE BY
Fr-IR SPECTROSCOPY ....................................................... I 15 in.(2:16)

T. S. LITTLE, J. Rt. DURIG, and MENGZNANG ZUEN, Department of Chemistry,
University of South Carolina, Columbia, South Carolina, 29208.I

1q15. ROTATIONAL AND VIBRATIONAL SPECTRUM OF TRANS-l-FLUORO-2-BUT!NE .............. 15 win. (2:31)

T. S. LITTLE, J. Rt. DURIG, and WENGZNANG ZMEN, Department of Chemistry,
University of South Caroline, Columbia, South Carolina, 29206.

MR16. THE VIBRATIONAL SPECTRUM AND STRUCTURE OF NEXAPLUOROACETORNE.................15 min. (2:45)
D.A.C. C'N@IUN, J. D. GODDARD, S. C. RSI, W~. F,WR1, and
D. M. RAYNER, Division of Chemistry, National Research Council of
Canada, 100 Sussex Driv*, Otta, Ontario, ItLA 056, Canada.
Present address of D.A.C. COMPTON-The Standard Oil Company(Ohio),
Research and Development Department, Cleveland, Ohio, 44128;
Present address of J. D. COCDARD-Dpartment of Chemistry, University
of Guelph, Guelph, Ontario, RIG 2WI, Cenada; and present address of
S. C. RSI-Institute of Applied Chemistry, Chinese Academy of
Sciences, Chanchun, China.

Intermission
1117. THEORETICAL. STUDY OF THE CONFORMATIONAL PROPERTIES AND TORSIONAL

POTENTIAL FUNCTIONS OF NETRACRYLOYL FLUORIDE.................................. 10 mn. (3:15)

B. LASKWSiKI, Analatom Incorporatad. 253 Rusholdt Court, Sunnyvale,
California, 94035; R. .SAPPE* NASA. Awe Research Center, Moffett Field,
California, 94035; and A. ECRIORNICKI, Polyatonica Research Institute,
1101 San Antonio Road, Suite 420, Mountain View, California, 94043.

MRS1. VIBRATIONAL SPECTRA AND CONFORMATIONS OF (CYANS)IT~nL) cycLopRoPARE AND
DICYCtOPROPLMETMANR ..................................................... I1S min.(3:27)

V. F. KALASINSKY, J1. L. POOL, Department of Chemistry, Missiasippi
State University, Missiasippi State, Mississippi, 39762; Y. Y. YEN.
Department of Chemistry, University of Missouri, Kamsa& City,
Missouri, 64110; and C. J. WURREY, Department of Chemistry,
University of California - San Diego, La Jolla, California, 92037.

MN9 * VIBRATIONAL SPECTRA AND CONFOBRATIONS OF (I (OETHYL) CYCWOPROPAIII
DERIVATIVES .............................................................. 10 mA. (3:42)

V. F. KA.ASINSKY, Department of Chemistry, Mississippi State University,
Mississippi State, Mississippi, 39762; Y. Y. YEN, Department of
Chemistry, University of Missouri, Kansas City, Missouri, 64110; and
C. J. WURRZf, Department of Chemistry, University of California-
Son Diego, La Jolla, California, 92037.

MR1O. VIBRATIONAL SPECTRA AND CONFORMATIONS OF 2-PLOORoBTHYLANINK.................15 mn. (3:54)

J. A. SMITH sand V. F. KALASINSKT, Department of Chemistry, Missiesippi
State University, Mississippi $tat*, Mississippi. 39762.
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Hlll. EVIDENCE FOR ANIHARMONIC SKELETAL DEFORMATIONS IM A SERIES OF BICYCLOE.2.11

HEPTANES AND BICYCLO[ 3.2.1]OCT_ ES .......................................... 15 oin. (4: 11)

H. WIESER, N. IBRAHIM, T. L. SMITSION, and P. J. KRUEGER, Department
of Chemistry, University of Calgary, Calgary, Alberta, T2N 1144, Canada.

M4H12. FT-FAR INFRARED VAPOR PHASE SPECTRA AND INVERSION BARRIERS OF A SERIES OF
CYCLOHEXANE AND CYCLOHEXENE DERIVATIVES ..................................... 15 min. (4:28)

H. WIESE R, N. IBRAHIM, T. L. SMITHSON, and P. J. KRUEGER, Department
of Chemistry, University of Calgary, Calgary, Alberta, T2N 114, Canada.

4113. A COMPARISON OF APPROACHES FOR SOLUTIONS TO THE COUPLED TWO-DIMENSIONAL
ANHAPRONIC OSCILLATOR ....................................................... 15 min.(4:45)

T. L. SMITHSON, H. WIESER, R. PAUL, Department of Chemistry, University
of Calgary, Calgary, Alberta, T2N 114, Canada; and F. W. BIRSS,
Department of Chemistry, University of Alberta, Edmonton. Alberta,
T6G 2G2, Canada.

asi
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TUESDAY, JUNE 14, 1983 -- 8:30 A.M.

Room 1153, Physics Laboratory

Chairperson: ROMOLA D'CUNHA, Department of Physics, The Ohio State University,

Columbus, Ohio.

TAI. HETERODYNE FREQUENCY MEASUREMENTS FOR INFRARED CALIBRATION TABLES;
CO, N 20, OCS, ETC ........................................................... 20 min.(8:30)

C. R. POLLOCK, School of Electrical Engineering, Cornell University,
Ithaca, New York, 14853; F. R. PETERSEN, D. A. JENNINGS, J. S. WELLS,
Time and Frequency Division, National Bureau of Standards, Boulder,

Colorado, 80303; and A. G. MAKI, Molecular Spectroscopy Division,
National Bureau of Standards, Washington, D.C., 20234.

TA2. HIGH RESOLUTION INFRARED SPECTRA OF HIGH TEMPERATURE DIATOMICS .............. 15 min.(8:52)

A. G. MAKI and F. J. LOVAS, Molecular Spectroscopy Division,
National Bureau of Standards, Washington, D.C., 20234.

TA3. DIFFERENCE FREQUENCY LASER SPECTROSCOPY OF OD AND OH: SIMULTANEOUS FIT OF
THE INFRARED AND MICROWAVE LINES ............................................ 10 min.(9:09)

T. AMANO, Herzberg Institute of Astrophysics, National Research
Council of Canada, 100 Sussex Drive, Ottawa, Ontario, KIA OR6, Canada.

TA4. jXP RIMENTAL DETERMINATION TO LARGE INTERNUCLEAR SEPARATION OF THE
rESTATE ELECTRIC DIPOLE MOMENT FUNCTION OF CO ............................. 15 min.(9:21)

C. CHACKERIA_JR., NASA-Ames Research Center, Astrophysical
Experiments Branch, Moffett Field, California, 94035; R. FAREN9 ,
G. GUELACHVILI, C. ROSSETTI, Laboratoire d'Infrarouge, Universite
de Paris-Sud, Campus d'Orsay, 91405 Orsay, France; and W. URBAN,
Institut fUr Angewandte Physik der Universitat Bonn, D-5300 Bonn 1,
West Germany.

TAS. FAR-INFRARED LASER MAGNETIC RESONANCE SPECTROSCOPY OF THE PD(3
"
) RADICAL.. .10 min.(9:38)

N. OHASHI, Department of Physics, Faculty of Sciences, Kanazawa
University, Kanazawa 92C, Japan; K. KAWAGUCHI, and EIZI HIROTA,
Institute for Molecular Science, Okazaki 444, Japan.

Intermission

TA6. OBSERVATION OF INFRARED SiN IN A SiH 4 PLASMA ................................. 15 min.(10:05)

P. CHOLLET, G. GUELACHVILI, M. MORILLON, Laboratoire d'Infrarouge,
Universit4 deParis-Sud, 91405 Orsay, France; P. GRESSIER,

G. DE ROSNY, and J. SCHMITT, Equipe de Synthese des Couches Minces
pour l'Energetique, L.P.N.H.E., Ecole Polytechnique, 91128 Palaiseau,
France.

TA7. DIPOLE MOMENT OF THE FO RADICAL ......................... ................... 15 min.(LO:
2
2)

A.R.W. MCKELLAR, Herzberg Institute of Astrophysics, National Research

Council of Canada, 100 Sussex Drive, Ottawa, Ontario, KIA OR6, Canada.

TA8. OBSERVATION OF THE v, BAND OF DO2 BY DIFFERENCE FREQUENCY SPECTROSCOPY ...... 15 min.(1O:39)

K. G. LUBIC and T. AMANO, Herzberg Institute of Astrophysics, National
Research Council of Canada, :00 Sussex Drive, Ottawa, Ontario, KIA OR6,
Canada.

TA9. DETECTION OF THE v2 BANDS OF CD2 AND CH2 BY INFRARED DIODE LASER
SPECTROSCOPY ................................................................ 15 min.(10:56)

A.R.W. MCKELLAR, Herzberg Institute of Astrophysics, National Research
Council of Canada, 100 Sussex Drive, Ottawa, Ontario, KIA OR6, Canada;
CHIKASHI YAMADA, and EIZI HIROTA, Institute for Molecular Science,
Okazaki 444, Japan.

TAI0. LASER MAGNETIC RESONANCE OF GERMANIUM CONTAINING SPECIES .................... 15 min.(ll:13)

T. J. SEARS, A.R.W. MCKELLAR, Herzberg Institute of Astrophysics,
National Research Council of Canada, 100 Sussex Drive, Ottawa, Ontario,
KLA OR6, Canada; and M. WONG, Canada Centre for Remote Sensing,
2464 Sheffield Road, Ottawa, Ontario, KIA OY7, Canada.

TAll. OBSERVATION OF v2 FCO WITH CO2 LASER MAGNETIC RESONANCE ..................... 15 min.(ll:30)

W. J. MCCOY, R. E. MUENCHAUSEN, and G. W. HILLS, Department of
Chemistry, University of North Carolina, Chapel Hill, North Carolina,
27514.

TA12. HIGH RESOLUTION FOURIER TRANSFORM SPECTROSCOPY OF THE v2 AND v3
BANDS OF FNO ................................................................ 15 m n.(11:47)

S. C. FOSTER and J.W.C. JOHNS. Herzberg Institute of Astrophysics.
National Research Council of Canada, 100 Sussex Drive, Ottawa,
Ontario, KlA OR6, Canada.



9

TUESDAY, JUNE 14, 1983 -- 8:30 A.M.

Room 1009, Physics Laboratory

Chairman: J. A. COXON, Department of Chemistry, Dalhousie University,
Halifax, Nova Scotia, Canada.

TB1. THE LOW LYING ELECTRONIC STATES OF CeO, PrO, EuO, AND YbO ................... 15 min.(8:30)

M. DULICK, Department of Chemistry, Massachusetts Institute of
Technology, Cambridge, Massachusetts, 02139; R. F. BARROW, Physical
Chemistry Laboratory, Oxford University, Oxford, England; C. LINTON,
Department of Physics, University of New Brunswick, Fredericton,
New Brunswick, E3B 5A3, Canada; S. MC DONALD, S. RICE, and R. W. FIELD,
Department of Chemistry, Massachusetts Institute of Technology,
Cambridge, Massachusetts, 02139.

TB2. ENERGY LINKAGE OF THE SINGLET AND TRIPLET MANIFOLDS IN LaF .................. 15 min.(8:47)

H. SCHALL, R. W. FIELD, Department of Chemistry, Massachusetts Institute
of Technology, Cambridge, Massachusetts, 02139; and C. LINTON, Depart-
ment of Physics, University of New Brunswick, Fredericton, New Brunswick,
E3B 5A3, Canada.

TB3. THE LOW LYING ELECTRONIC STATES OF HOLMIUM OXIDE............................. 15 min.(9:04)

Y. C. LIU, Department of Physics, University of New Brunswick,
Fredericton, E3B 5A3, Canada; H. SCHALL, R. W. FIELD, Department of
Chemistry, Massachusetts Institute of Technology, Cambridge,
Massachusetts, 02139; and C. LINTON, Department of Physics,
University of New Brunswick, Fredericton, New Brunswick, E3B 5A3,
Canada.

TB4. THE ELECTRONIC STRUCTURE OF THE LuX AND LnX
+ 

(X - O,H,F,CI,Br,I) MJLECULES..15 min.(9:21)

S. F. RICE, Department of Chemistry, Massachusetts Institute of
Technology, Cambridge, Massachusetts, 02139; M. DULICK, Department
of Chemistry, University of British Columbia, Vancouver, British
Columbia, V6T IY6, Canada; and R. W. FIELD, Department of Chemistry,
Massachusetts Institute of Technology, Cambridge, Massachusetts,
02139.

TB5. IMPROVED VIBRATIONAL CONSTANTS OF ScO, YO AND LaO ........................... 15 min.(9:38)

CARLOS B. SUAREZ, Department of Physics, University of La Plata
and Conicet, 1900 La Plata, Argentina.

Intermiss ion

TB6. CURRENT WORK ON THE ANALYSIS OF THE CHEMILUMINESCENCE FROM LEAD OXIDE ....... 15 min.(10:10)

E. A. DORKO, J. W. GLESSNER, and L. L. RUTGER, Department of
Engineering Physics, Air Force Institute of Technology, Wright-

Patterson Air Force Base, Ohio, 45433.

TB7. A ROTATIONAL ANALYSIS OF THE C I _ X Iz+ SYSTEM OF InCl ................... 10 min.(l0:27)

S. KING, W. B. GRIFFITH, and C. W. MATHEWS, Department of Chemistry,
The Ohio State University, Columbus, Ohio, 43210.

TB8. VIBRATIONAL AND ROTATIONAL ANALYSIS OF HIGH LYING VIBRATIONAL BANDS OF
THE BaO AI E+ AND A' 1E STATES ..............................................15 Imn.(10:39)

NICK FURIO, Department of Chemistry, University of Pennsylvania,
Philadelphia, Pennsylvania, 19104; and J. GARY PRUETT, The Standard
Oil Company (Ohio), Corporate Research Center, 4440 Warrensville

Center Road, Warrensville Heights, Ohio, 44128.

T59. SPARSE MAPPING OF HIGH LYING EXCITED ELECTRONIC STATES IN BaO ............... 15 mn.(10:56)

YEN CHU HSU and J. GARY PRUETT, The Standard Oil Company (Ohio),
Corporate Research Center, 4440 Warrensville Center Road,
Warrensville Heights, Ohio, 44128.

TB1O. E8 will be presented here(A. S-C. C ..UNG)................................ 15 min.(11:13)

TBI. JIl will be presented here (DAVID 0. HARRIS) .............................. 15 min.(l1;30)

TBl2. 7112 will be presented here (m. P'EK) ....................................... 15 min.(11:47)
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TUESDAY, JUNE 14, 1983 -- 8:30 A.M.

Room 1005, Physics Laboratory

Chairman: ROBERT NORDSTROM, Battelle Columbus Laboratories, Columbus, Ohio.

TC1. THEORETICAL STUDIES ON THE ENERGY LEVEL DIAGRAM OF THE CHLOROPHYLL
a DINER ..................................................................... 15 min.(8:30)

L. V. HALEY and J. A. KONINGSTEIN, Department of Chemistry,
Carleton University, Ottawa, Ontario, KIS 5B6, Canada.

TC2. EXCITED STATE AND VIBRATIONAL GROUND STATE STUDIES OF CAROTENES AND
CHLOROPHYLL MONOMERS AND DIMERS ............ Specially Arranged .............. 30 min.(8:47)

A. DE WILTON, L. V. HALEY, and J. A. KONINGSTEIN, Department of
Chemistry, Carleton University, Ottawa, Ontario, KIS 5B6, Can0a.

TC3. TIME RESOLVED AND FREQUENCY SELECTIVE FLUORESCENCE OF THE CHL a DIER ....... 15 min. (9:20)

A. DE WILTON and J. A. KONINGSTEIN, Department of Chemistry,
Carleton University, Ottawa, Ontario, KlS 5B6, Canada.

TUESDAY, JUNE 14, 1983 -- 9:35 A.M.

Room 1005, Physics Laboratory

Chairman: Robert Nordstrom, Battelle Columbus Laboratories, Columbus, Ohio.

TC'I. PHOTOACOUSTIC STUDY OF VIBRATIONAL OVERTONES IN POLYATOMIC MOLECULES ........ 15 imn. (9:55)

HOWARD L. FANG, DONNA M. MEISTER, and ROBERT L. SWOFFORD, The
Standard Oil Company (Ohio), Corporate Research Center, 4440 I
Warrensville Center Road, Warrensville Heights, Ohio, 44128.

TC'2. PHOTOACOUSTIC SPECTROSCOPY OF NON-EQUIVALENT METHYL C-H OVERTONE
VIBRATIONS .................................................................. 15 aim . (10: 12)

HOWARD L. FANG, DONNA M. NEISTER, and ROBERT L. SWOFFORD, The
Standard Oil Company (Ohio), Corporate Research Center, 4440
Warrenaville Center Road, Warrensville Heights, Ohio, 44128.

TC'3. a-METHYL C-H BOND STRENGTH: A MO ANALYSIS ................................... 15 ain.(10:29)

A. B. ANDERSON, D. GERVASIO, Department of Chemistry, Case Western
Reserve University, Cleveland, Ohio, 44106; HOWARD L. FANG,
DONNA M. MEISTER, and ROBERT L. SWOFFORD, The Standard Oil Company
(Ohio), Corporate Research Center, 4440 Warrenville Center Road,
Warrensville Heights, Ohio, 44128.

TC'4. PHOTOACOUSTIC STUDY OF OVERTONE STRUCTURE OF METHANOL AND METHANOL-OD ....... 15 min. (10:46)

HOWARD L. FANG, DONNA M. MEISTER, and ROBERT L. SWOFFORD, The
Standard Oil Company (Ohio), Corporate Research Center, 4440
Warrensville Center Road, Warrensville Heights, Ohio, 44128.

TC'5. COMBINATION BANDS IN THE O-H OVERTONE SPECTRA OF METHANOL: THEORY .......... 15 mn. (11:03)

MARTIN L, SAGE, Department of Chemistry, Syracuse University,

Syracuse, New York, 13210.

TC'6. THE VISIBLE PHOTOACOUSTIC SPECTRA OF VAPOR-PHASE METHANE AND
DEUTERATED NETHANES AT 77 K ................................................. 15 mn. (11:20)

G. J. SCHERER, K. K. LEHMANN, and W. K.EMPERER, Department of
Chemistry, Harvard University, Cambridge, Massachusetts, 02138.



TUESDAY, JUNE 14, 1983 -- 1:30 P.M.

Rooms 1153, Physics Laboratory

Chairman before Intermission: JOSEPH P. SATTLER, U. S. Army Electronics Research
and Development, Harry Diamond Laboratories, Adeiphi.
Maryland.

Chairman after Intermission: R. L. HAWKINS, Department of Physics. The Ohio State
University, Columbus, Ohio.

TEl. THE STORY OF THE AM4aONIA ?+)LECULE: 10 YEARS OF INVESTIGATION OF
MOLECULAR INVERSION....................... INVITED PAPER...................... 40 min.(l:30)

D. PAPOUSEK, The J. Heyrovsk§ Institute of Physical Chemistry and
Eectrochemistry, Czechoslovak Academy of Sciences, Prague,

Czechoslovakia.

TE2. SUB-DOPPLER SPECTROSCOPY IN THE v 2 - v4, AND 2v2 ANDS OF NH..............15 min.(2:15)

W. H. WEBER and R. W. TERHUNE, Department of Physics, Research
and Engineering Staff, Ford Motor Company, Dearborn, Michigan, 48121.

TE3. THE LINESHAPES OF INFRARAD-MICROWAVE TWO0-PHOTON TRANSITIONS: THE vBAND
OF.................................................................... ......... 15 min.(2:32)

S. T. SANDHOLM, N. SRABEiTARY, and R. H. SCHWENDEMAN, Department of

Chemistry, Michigan State University, East Lansing, Michigan, 48824.

TE4. INFRARED-MICROWAVE TW3-P'iOTON SPECTRA IN THE~ v "NDv6 BANDS OF CD2C00...15 min.(2:49)

K. NAKAGAWA and R. H. SCHWENDEMAN, Department of Chemistry, Michigan
State University, East Lansing, Michigan, 48824.

Intermiss ion

TE5. DIODE LASER MEASUREMENTS OF LINE STRENGTHS AND LORENTZ HALF-WIDTHS FOR
SOME LINES OF 

14
N3 

15
NH 3'AND H 2

16
0 IN THE 6.6 "m SPECTRAL REGION ..........15 mn. (3: 20)

V.,MALATH DEV B. FRIPOVICH, D.G.S. SNYDER, G. D. JONES, NOAA/NESDIS,

FOB W4 E/A2I, Washington, D.C., 20233; and K. NARAHARI RAO,
Department vf Physicso The Ohio State University, Columbus, Ohio,
43210.

TE6 * EXPERIMENTAL AND THEORETICAL INVESTIGATION OF FOREIGN GAS BROADENING OF
AMM4NIA TRANSITIONS OF THE v 2 (1 - 0) AND v 2 (2 - 1) BANDS..................... 10 min.(3:37)

G. BALDACCUINI, ENEA, Dip. TIB-FIS, Laboratorio Spettroscopia
Molecolare, 00044 Frascati, Rome, Italy; S. MARCHETTI, C.N.R.,
Pisa, Italy; V. MONT!L ATICI, V. SORGE, ENEA, Dip. TIB-FIS,
Laboratorio Spettroscopia Molecolare, 00044 Frascati, Romte, Italy;
G. BUFFA, and 0. TARRINI, Istituto di Fisica, Universit! di Pisa,
Pisa, Italy.

TE7. MEASUREMENTS OF THE v3BN OF HCN BROADENED BY N 2 AND) BY HF.................. 10 min.(3:491

M.A.H. SMITH and C. A. HARVEY, NASA Langley Research Center, Mail Stop

401A, Hampton, Virginia, 23665.

TEB. HIGH RESOLUTION LINE INTENSITY MEASUREMENTS OF THE v4+ v5BAND OF C2 H2 . .15 min.(
4
:Ol)

J. P3DOLSKE, M. LOEWENSTEIN, Space Science Division, NASA Ames
Research Center, Moffett Ft~ld, California, 94035; and P. VARANASI,
Laboratory for Planetary Atmospheres Research, State University of
New York, Stony Brook, New York, 11794.

TE9. MEASUREMENT OF INTENSITIES IN THE v4FUNDAMENTAL BAND OF 13CH 4 AT
153 K AND 296 K............................................................... 10 min.(4:IB)

P. VARANASI, Laboratory for Planetary Atmospheres Research, State
University of New York, Stony Brook, New York, 11794; L. P. GIVER,
and F.P.J. VALERO, Astrophysical Experiments Branch, NASA-Ames
Research Center, Moffett Field, California, 94035.

TEJO0. NITROGEN-BROADENING OF THE INFRARED LINES OF 
12
CH 41

1 3
CH 4AND 1

2
CH 30

AT LOW TEMPERATURES........................................................... 15 mn. (4:30)

P. VARANASI, Laboratory for Planetary Atmoapheres Research, State

University of New York, Stony Brook, New York, 11794; L. P. GIVER,
and F.P.J. VALERO, Astrophysical Experiments Branch, NASA-Ames
Research Center, Moffett Field, California, 94035.
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TEll. EXPERIMENTAL COLLISION-BROADENED LITNEWIDTHS IN METHANE ...................... 10 min.(4:47)

J. W. BRAULT, Kitt Peak National Observatory, Tucson, Arizona, 85726;
K. FOX, Department of Physics and Astronomy, University of Tennessee,
Knoxville, Tennessee, 37996; D. E. JEN14INGS, Goddard Space Flight
Center, Greenbelt, Maryland, 20771; J. S. MARGOLIS and L. R. BROWN,
Jet Propulsion Laboratory, Pasadena, California, 91103.

TEl2. THEORETICAL STUDIES OF COLLISION-BROADENED LINE fLDTHS IN METHANE ............ 10 min.(4:59)

KEITH FOX, Department of Physics and Astronomy, University of
Tennessee, Knoxville, Tennessee, 37996.

I

q,.
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TUESDAY, JUNE 14, 1983 -- 2:15 P.M.

Ro)m 1009, Physics Laboratory

Chairman: P. L. JONES, Department of Chemistry, Th? Ohio State University,
Columbus, Ohio.

TFl. HIGH SENSITIVITY HETERODYNE-POLARIZATION SPECTROSCOPY ....................... 15 min.(2:15)

M. RAAB and A. WEBER, Molecular Spectroscopy Division, National
Bureau of Standards, Washington, D.C., 20234.

TF2. RADIATIVE TRANSIT19N PROBABILITIES AND DIPOLE MOMENTS FOR ALL VIBRATIONAL

LEVELS IN THE X 
1
V
+ 
AND 1, le STATES OF NaN.................................. 10 min.(2:32)

W. T. ZEMKE, Department of Chemistry, Wartburg College, Waverly,
Iow&, 50677; and W. C. STWALLEY, Iowa Laser Facility, University
of Iowa, Iowa City, Iowa, 52242.

TF3. CRITICAL COMPILATION OF SPECTROSCOPIC DkTA FOR THE ALKALI METAL HYDRIDE
MOLECULES ................................................................... 15 min.(2:44)

W. C. STWALLEY, Io-,a Laser Facility and Department of Chemistry,
University of Iowa, Iowa City, Iowa 52242; and S. C. YANG,
Department of Chemistry, University of Rhode Island, Providence
Rhode Island, 02881.

Intermission

TF4. CRITICAL COMPILATION OF SPECTROSCOPIC DkTA FOR THE ALKALI METAL DIATOMIC
M3LECULES ................................................................... 15 min.(3:15)

W, C. STWALLEY, Iowa Laser Facility and Departments of Chemistry and
Physics, University of Iowa, Iowa City, Iowa, 52242; W. T. ZEMKE,
Department of Chemistry, Wartburg College, Waverly, Iowa, 50677;
and R. B. BERNHEIM, Department of Chemistry, Pennsylvania State
University, University Park, Pennsylvania, 16802.

TF5. HEW OPTICALLY-PUMPED ALKALI METAL DIATONIC LASERS ........................... 15 min.(3:32)

J. T. BANNS, Ios Laser Facility, University of Iaws, lo-as City, Iowa,
52242; A. R. RAJAEI-RIZI, Department of Chemistry, Drexel University,
Philadelphia, Pennsylvania, 19104; K. K. VERMA, 31-611A, Bell
Telephone Laboratory, Holeel, New Jersey, 07733; F. B. ORTH, MHD
Energy Center, Mississippi State University, Mississippi State,
Mississippi, 39762; and W. C. STWALLEY, Iowa Laser Facility,
University of Iowa, Iow-a City, loas, 52242.

TF6. LASER EXCITED FLUORESCENCE OF Na2 : INTENSITIES IN THE A-X AND B-X CANCELLED
TRANSITIONS ................................................................. 10 min.

K. S. CHANDRASEKIIAR, T. K. BALASUBRAKANIAN , K. RAGHUVEER, and
N. A. NARASIMHA., Spectroscopy Division, Bhabha Atomic Research

Centre, Trombay, Bombay 400 085, India.

TF7. METHOD FOR CALCULATING HIGH-ORDER RKR POTENTIAL ............................. 15 min.(3:49)

R. J. LE ROY, Guelph-Waterloo Centre for Graduate Work in Chemistry,
University of Waterloo, Ontario, N2L 3GI, Canada; and P. PAJUNEN,
Department of Chemistry, University of Oulu, Linuanmas, 90570 )ulu 57,
Finland.

TF8. OPTICALLY DETECTED MAGNETIC RESONANCE OF SEVERAL CARBONYL COMPOUNDS
ADSORBED ON ALUMINA ......................................................... 10 min.(4:06)

A. M. NISHIMURA, Department of Chemistry, Westmont College, Santa
Barbara, California, 93108.

TF9. INFRA RED OPTICAL DOUBLE RESONANCE SPECTROSCOPY OF ND2 .... . .. . .. . .. . .. . . .. . . 15 m iu .(4 :18 )

R, E. MUENCHAUSEN and G. W. HILLS, Department of Chemistry,
University of North Carolina, Chapel Hill, North Carolina, 27514.

TPI0. OPTOGALVANIC SPECTROSCOPY IN LOW PRESSURE DISCHARGES WITH COLOR-CEN'TER AND
DYE LASERS .................................................................. 10 min.(4:35)

R. D, MAY, Department of Chemistry, University of North Carolina,
Chapel Hill, North Carolina, 27514; Z. ZHU, Department of Physics,
Dalian Institute of Technology, Dalian, Liaoning 116024, China;
and 0. W. HILLS, Department of Chemistry, The University of North
Carolina, Chapel Hill, North Carolina, 27514.

TF11. E 14 will be presented here(M, C. HEAVEN) ................................... 10 ain.(
4
:
4 7

)

TFI2. n2 will be presented here (LI LI) ......................................... 10 min.(4:59)
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TUEFSDAY. JUNE 14. 1983 -- 2:15 P.M.

Room 1005, Physics Laboratory

Chairman: ZHU QINGSI, Salt Lake Institute of Chinese Academv of Science,
Sining, Qinghai. People's Republic of China.

TI. SOME MICROWAVE AND INFRARED OBSERVATIONS ON THE METHANOL C-0 STRETCH
STATE........... ............................................................... 15 min.(2:15)

R. M. LEES, P. MCGHEE. R.R.J. GOULDING. and 1. MU KHOPADHYAY.
Department of Physics. University of New Brunswick,
Fredericton. New Brunswick, E3B 5A3, Canada.

TG2. FOURIER TRANSFORM INFRARED SPECTRUM OF METHYLAIINE FROM 50-125 CM.. ...........15 min,(
2
:3

2
)

M. S. MALGHANI, R. M. LEES, and R. T. ADSETT, Department of
Physics. University -of Ne Brunswick. Fredericton, New Bruns-
wick. E3B 5A3, Canada.

TG3. MICROAAVE SPECTRA OF PERPLUOROETHYLENE OXIDE.................................. 10 min.(2:49)

J. AGOPOVIC4i, Charles Stark Draper Laboratory, 555 Technology Sqiare,
Cambridge, Massachusetts, 02139; C. GILLIEi, and T. RAW, Department
of Chemistry, Rensselaer Polytechnic Institute, Troy. New York. 12181.

TG4. MICROWAVE SPECTRA OF' TRANS-1,2-DIFLUOROETHYLENE OXIDE........................ 15 *in.(3:OI)

G. LABRECQ'JE, Department of Chemistry, Renaselaer Polytechnic
Institute, Troy, New York, 12181; J. AGOPOVICH, Charles Stark
Draper Laboratory, 555 Technology Square, Cambridge, Massachusetts,
02139; and C. GILLIES, Department of Chemistry, Rensselaer Poly-
technic Institute, Troy, New York, 12181.

Intermisasion

TG5. MICROWAVE SPECTRUM OF CH 2 DSH.................................................. 15 min.(
3

:
35

)

CHUN FU SU and C. RICHARD QUADE, Department of Physics, Texas Tech
University, Lubbock, Texas, 79409.f

TG6. HIGH RESOLUTION SPECTROSCOPY OF VIBRATIONALLY EXCITED FLUJOROFORII-D BY
HETERODYNE FREQU ENCY MFAS(rRIIMrNT OF SMMWL LASER EMISSION......................1.0 min.'3:52)

M. S. TOBIN, R. P. LEAVITT, T. W. DALEY, and W. G. TRIJENEART, JR.,
U. S. Army Electronics Research and Development Command, Harry
Diamond Laboratories, 2800 Powder Mill Road, Adzlphi, Maryland,
20783.

TG7. ROTATIONAL SPECTRA OF 16-17-16 AND 17-16-16 0 3................................ 10 aiu.C4:04)

E. A. COHEN and H. M. PICKFrT, Jet Propulsion Laboratory, California
Institute of Technology, Pasadena, California, 91109.

TG8. ROTATIONAL SPECTRA OF VIBRATIONALLY EXCITED OZONE .......................... 10 ain.(4:16)

H. M. PICKETT and E. A. COHEN, Jet Propulsion Laboratory, California
Institute of Technology. Pasadena, California, 91109.

TG9. El1 will be presented here (A. B. MOIIAMAD) ................................. 10 an. (4:28)

TGIO T11l will be presented here (G. 0. BRINK)...................................... 15 mn. (4:40)



TUESDAY, JUNE 14, 1983 -- 2:15 P.M.

Room 1008, Evans Chemical Laboratory

Chairman: P. L. POLAVARAPU, Department of Chemistry, Vanderbilt University,
Nashville, Tennessee.

THIl. A KINETIC STUDY OF tilE THERMAL DECOMPOSITION OF 2,2,4,4-
TETRA14ETHYLCYCLOBITAN4EDIONE USING TIM-RESOLVED FTIR ....................... 15 akin. (2:l1S)

DAVID LATHAM, J. BAIARDZD, R. NUIOJERJEE, S. PASZYC, and M. VALA,
Department of Chemistry, University of Florida, Gainesville,
Florida, 32611.

TH2. FOURIER TRANSFORM INFRARED SPECTRA OF 2NH 3 *D2 0 AND 2ND 3 H2 0, AT IS'K .... 15 mn. (2:32)

JOHN E. BERTIE, Department of Chemistry, The University of Alberta,
Edmonton, Alberta, T6C 2G2. Canada; and J. P. DEVLIN, Department
of Chemistry, Oklahoma State University, Stillwater, Oklahoma,
74074.

TH3. VIBRATIONAL SPECTRA OF SOLID CF 3 CL, CF 2 C12 AND CFC 3. . .. . .. .. .. . .. .. .. .. . .. .. 15 mn. (2:49)

D. D. FONTAINE and G. E. LEROI, Department of Chemistry, Michigan
State University, East Leasing, Michigan, 48824.

1144. FAR INFRARED SPECTRUM OF THE LOW-TEMPERATURE PFAME OF SOLID CC 4 . . . . . . . . . . . . 10 nin.(3:06)

D. D. FONTAINE and C. E. LEROI, Department of Chemistry, Michigan
State University, East Lansing, Michigan, 48824.

TUESDAY, JUNE 14, 1983 -- 3:30 F.M.

Rooa 1008, Evans Chemical Laboratory

Chairman: P. L. POLAVARAPU, Department of Chemistry, Vanderbilt University,
Nashville, Tennessee.

THIl. ESR OF Cr METAL MOLECULES AT 4*K.......................................... 15 min.(3:30)

R. J. VAN ZEE, Department of Chemistry, University of Florida,
Gainesville, Florida, 32611; C. A. BAUMANN, Department of
Chemistry, Indisna University, Bloomington, Indiana, 47405;
and W. WELTNER, JR., Department of Chemistry, University of
Florids, Gainesville, Florida, 32611.

TN' 2. ESK OF PSEUDOROTATING 6Li 3 AND 7Li 3..... . . . . . . . . . . . . . . . . 15 min.(3:47)
D. A. GARLAND and D. M. LINDSAY, Department of Chemistry, City
University of New York, The City College, New York, New York, 10031.

TH'3. TWO-PHOTION SPECTROSCOPY OF Cu+ IN ALKALI HALIDE HOST CRYSTALS ...............15 min.(4:0
4
)

STEPHEN A. PAYNE, ANDREA GOLDBERG, and DONALD S. *.CLURE, Department
of Chemistry, Princetoa University, Princeton, New, Jersey, 08544.

TH14. EXCITED STATE DYNAMICS OF Cu + IN NsF HOST CRYSTAL .......................... 15 mn. (4:21)

ANDREA GOLDBERG, STEPHEN A. PAYNE, and DONALD S. MCCWRE, Department
of Chemistry, Princeton University, Princeton, New Jersey, 08544.

TN'5. E 3 will be presented here (W'. -H. C'4EN)................................... 10 min.(4z38)

TH'6. 1: will be presented here (J. D. SCOTT) ................................... 15 uin.(4:50)
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WEDNESDAY, JUNE 15, 1983 -- 8:45 A.M.

Auditorium, Independence Hall

Chairman: K. NARAHARI RAO, Department of Physics,
The Ohio State University, Columbus, Ohio.

Plenary Session

WAl. MOLECULAR HYDROGEN IN THE LABORATORY AND IN SPACE ........ 40 min.

G. HERZBERG, Herzberg Institute of Astro-
physics, National Research Council of Canada,
Ottawa, Ontario, Canada, KIA OR6.

WA2. STRUCTURE AND DYNAMICS OF MEMBRANE ASSEMBLIES BY
RAMAN SPECTROSCOPY ....................................... 40 min.

IRA W. LEVIN, Section on Molecular Biophysics,
Laboratory of Chemical Physics, National
Institute of Arthritis, Diabetes, and
Digestive and Kidney Diseases, National
Institutes of Health, Bethesda, Maryland, 20205.

Intermission

WA3. STUDY OF CHEMICAL TRANSIENTS BY TIME-RESOLVED

INFRARED SPECTRAL PHOTOGRAPHY ............................ 40 min.

PETER P. SOROKIN (COBLENTZ SOCIETY LECTURER)
IBM, Thomas J. Watson Research Center,
P.O. Box 218, Yorktown Heights, New York,
10598.

. . .. ..... .. . . ... .. . . ..... .......... . ... . . . u
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WED4E.Y, JUNE 15, 1983 -- 1:30 P.M.

Room 1153, Physics Laboratory

Cnairperson Before D. BAILLY, Laborstoire d'Infrarouge, Universit4 de
Intermission. Paris-Sud, 91405 Orsay, France.

Chairman After Intermission: D. F. EGGERi, Department of Chemistry, University
of Washington, Seattle. Washington.

WE 1. HUN)' S COUPLING CASES AND TETRAHEDRAL SPLITTINGS IN ROTATIO14AL LEVELS
OF ELECTRONIC 

2
F 2 STATES IN ND4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 min.(1:30)

G. HERZBERG, Herzberg Institute of Astrophysics, National Research
Council of Canada, 100 Sussex Drive, Ottawa, Ontario, KIA OR6, Canada;
and J1. T. HOUGEN, Molecular Spectroscopy Division, National Bureau of
Standards, Washington, D.C., 20234.

W92. LOCAL MODE BEHAVIOR IN THE STRETCHING OVERTONES OF GERMANE................... 15 min.(1:47)

A. G. ROBIETTE, Department of Chemistry, University of Reading,
Whiteknights, Reading, England, RG6 ZAD; A. S. PINE, Molecular
Spectroscopy Division, National Bureau of Standards, Washington,
D.C., 20234; and S. J. DAUNT, Department of Chemistry, Concordia
University, Montreal, Quebec, H3G 1M8, Canada and Molecular
Spectroscopy Laboratory, Department of Physics and Astronomy,
University of Tennessee, Knoxville, Tennessee, 37996.

WE3. COMBINATIONS ANiD OVERTONES OF CF 4 ......................................... 15 mm. (2:04)

A. S. PINE, Molecular Spectroscopy Division, National Bureau of
Standards, Washington, D.C., 20234; and A. G. ROBIETrE, Department
of Chemistry, University of Reading, Whitekoights, Reading, England,
RG6 2AD.

WE4. LINE STRENGTHS OF THE v 2 AND v4BANDS OF 12CH4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 min. (2:21)
M. LOETE and J. C. HILICO, Laboratoire de Spectronomie Mole'culaire,
21100 Dijon, France.

WE5. THEORETICAL AND EXEPERIMENTAL STUDY OF LINE STRENGTHS IN THE v 3- 4
HOT BAND OF METHANE ...................................................... 10 min.(2:33)

J. C. HILICO, M. LOETE, Laboratoire de Spectronomie Mol~culaire,
21100 Dijon, France; and L. R. BROWN, Jet Propulsion Laboratory,
California Institute of Technology, Pasadena, California, 91109.

wE6. THE ANHARMNIC CONSTANTS AND FORCE FIELD OF SF 6............................15 min.(2:45)

B. J. KROHN, R. S. MCDOWELL, J. L,. LYMAN, University of California,
Los Alamos National Laboratory, Los Alamos, New Mexico, 87545; and
J. OVEREND, Department of Chemistry, University of Minnesota,
Minneapolis, Minnesota, 55455.

Intermission

WE7. PERTURBATIVE APPROXIMATIONS IN THE ANIALYS IS OF FUNDAMNTAL BANDS OF
SPHERICAL-TOP MO)LECULES....................................................... 15 min.(3:15)

B. J. KROHN, University of California, Los Alamos National Laboratory,
Theoretical Division, Los Alamos, New Mexico, 87545; and J.K.G. WATSON,
Herzberg institute of Astrophysics, National Research Council of Canada,
100 Sussex Drive, Ottawa, KILA 0H6, Canada.

WEB. DIODE AND DIFFERENCE-FREQUENCY LASER SPECTRA OF CUBANE ................ .....10 mn. (3:32)

A. S. PIE, A. G. MAKI, Molecular Spectroscopy Division, National
Bureau of Standards, Washington, D.C., 20234; and A. G. ROBIETTE,
Department of Chemistry, University of Reading, Whiteknights,
Reading, England, RG6 2AD.

WE9. ORDER, DISORDER, AN4D CLUSTERING IN ROTOR SPECTRA: A COMPARISON OF
SPHERICAL AND ASYMMETRIC TOP DYNAMICS..................................... 15 mn. (3:")

W. G. BATER, Department of Physics, Georgia Institute of Technology,
AtlantaGergia, 30332; and C. W. PATTERSON, University of California,
Los Alamos National Laboratory, Theoretical Division, Los Alamos,
New Mexico, 87545.

WIO. HIGH VIBRATIONAL OVERTONES OF SPHERICAL Top 140LZCULES ......................15 mu. (4:01)

C. W. PATTERSON, University of California, Los Alamos National
Laboratory, Theoretical Division, Los Alamos, New Mexico, 87545;
and W. G. HARTER, Department of Physics, Georgia Institute of
Technology, Atlanta, Georgia, 30332.
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WEll. C,JPARISON OF THE SYMMETRIZED CARTESIAN AND ANGULAR M,).ENTOM BASIS SETS
TO DESCRIBE VIBRATIONALLY EXCITED STATES IN SPHERICAL TOP M3LECULES ......... 15 ain.(4:18)

HAROLD B. LEVENE and DAVID S. PERRY, Department of Chemistry,

University of Rochester, Rochester, New York, 14627.

Wi12. GENERAL HAR O IC FORCE FIELD FOR HYDROGEN PEROXIDE .......................... 10 ain.(4:33)

J. J. HILLMAN, Infrared and Radio Astronomy Branch, NASA-Goddard
Space Flight Center, Greenbelt, Maryland, 20771; and J. D. ROGERS,
Department of Environmental Science, General Motors Research
Laboratories, Warren, Michigan, 48090.

WE13. EFFECTS OF A PERTURBATION O4 THE GROUND TORSIONAL-VIBRATIONAL STATE OF
YDROGEN PEROXIDE ........................................................... 10 min. (4:47)

WM1. BRUCE OLSON, Molecular Spectroscopy Division, Natioaol Bureau
of Standards, Washington, D.C., 20234; and ROBERT HUNT, Department

of Physics, Florida State University, Talla'tas:ee, Florida, 32306.

I
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WEDNESDAY, JUNE 15, 1983 -- 1:30 P.M.

Room 1009, Physics Laboratory

Chairman: ERNEST A. DORKO, Depirtment of Physics, Air Force Institute of

Technology, Wright Patterson Air Force Base, Ohio.

WFl. OBSERVATION OF THE C(3/2) - X(l/2) TRANSITION IN XeF ........................ 15 min.(1:30)

H. HELM, D. L. HUESTIS, M. J. DYER, and D. C. LORENTS, Molecular
Physics Laboratory, Stanford Research Institute International,
Menlo Park, California, 94025.

WF2. PHOTOFRAGE.T SPECTROSCOPY OF Cs2 +................... 15 min.(1:45)

H. HELM, R. MOLLER, P. C. COSBY, and D. L. HUESTIS, Molecular Physics
Laboratory, Stanford Research Institute International, Menlo Park,
California, 94025.

WF3. ROTATIONAL BRANCH STRENGTHS FOR 02 (A 3e _ X3t9) ............................ 15 min. (2:00)

D. L. HUESTIS and T. G. SLANGER, Molecular Physics Laboratory,

Stanford Research Institute International, Menlo Park, California,
94025.

WF4. INTENSITIES OF FORBIDDEN BAND SYSTEMS OF MOLECULAR OXYGEN ................... 15 min.(2:18)

C.M.L. KERR and J.K.G. WATSON, Herzberg Institute of Astrophysics,

National Research Council of Canada, Ottawa, Ontario, KIA OR6,
Canada.

WF5. PULSED LASER EXCITATION AND PHOTOACOUSTIC DETECTION OF THE 1-0 OXYGEN
SCHUMANN-RUNGE BAND ......................................................... 10 m n. (2:35)

P. B. KELLY, R. COHEN, R. B. MILES, and J. GELFAND, Applied Physics
and Materials Laboratory, Department of Mechanical and Aerospace
Engineering, Princeton University, Princeton, New Jersey, 08544.

WF6. HIGH RESOLUTION ABSORPTION CROSS SECTIONS AND BAND OSCILLATOR STRENGTHS
OF THE SCHUMANN-RUNGE BANDS OF 02 ........................................... 15 min.(

2
:
4
7)

K. YOSHINO, D. E. FREEMAN, J. R. ESMOND, and W. H. PARKINSON, Harvard
College Observatory, 60 Garden Street, Cambridge, Massachusetts, 02138.

Intermission

WF7. INTRACAVITY LASER ABSORPTION SPECTROSCOPY - A COMPARISON WITH CLASSICAL
ABSORPTION - LINE SHAPES AND QUANTITATIVE MEASUREMENTS ...................... 10 min.(3:15)

M. CHENEVIER, M. A. MELIERES. and F. STOECKEL, Laboratoire
de Spectrometrie Phvsieue, Universite Scientifique et Medicale
de Grenoble, BP68, 38042 Saint Martin d'H~res, France.

WF8. TIME EVOLUTION OF SHORT-LIVED MOLECULAR SPECIES OBSERVED BY INTRACAVITY

LASER ABSORPTION SPECTROSCOPY ............................................... 15 min.(
3

:
2
?)

F. STOECKEL, Laboratoire de Spectrometrie Physique, Universite
Scientifique et Mdicale de Grenoble, BP68 38042 Saint Martin
d'Heres; M. D. SCHUR, Department of Chemistry, Davidson College,

Davidson, North Carolina, 28036; and G. H. ATKINSON, Department
of Chemistry, Syracuse University, Syracuse, New York, 13210.

WF9. TIME-RESOLVED PHOSPHORESCENCE SPECTRA OF ACETALDEHYDE (CH3CHO) AND

PERDEUTEROACETALDEHYDE VAPORS ............................................... 10 mn. (3:44)

M. D. SCHUH, Department of Chemistry, Davidson College, Davidson,
North Carolina, 28036; S. SPEISER, Department of Chemistry, Technion,
Haifa, Israel; and G. H. ATKINSON, Department of Chemistry, Syracuse
University, Syracuse, New York, 13210.

WFIO. IDENTIFICATION OF THE nf COMPLEXES IN N 2 BY UV ABSORPTION ................... 15 min.(3:56)

E. S, CHANG, Department of Physics and Astronomy, University of
Massachusetts, Amherst, Massachusetts, 01003; and K. YOSHINO,
Center for Astrophysics, Harvard University, Cambridge,

Massachusetts, 02138.

WFII. ANALYSIS OF THE 5g-4f EMISSION LINES 1I H2 ... . .. . .. . .. . . .. . .. . . .. . .. . . .. . .. . 15 min.(4:11)

, S, CHANG, S. PULCETOPEK, Department of Physics and Astronomy,
University of Massachusetts, Amdherst, Massachusetts, 01003; and
K. E. EYLER, Lyman Laboratory of Physics, Harvard University,
Cambridge, Massachusetts, 02138.
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WF12. ROTATION1AL ANALYSIS OF rHE BI2
+ 

- AI SYSTEM OF 13C 180 ..................... 0 min.(4:28)

C.VLV R G. L. oiALE, aid S. PAODI REDDY, Department of Physics.
Mnsmrial University of Newfoundland, St. John's, Newfoundland,
AIB 3X7, Canada. G. L. BRALE is on leave frol the Bhsbha Atomic
R.asearch Centre, B3.bay, India.

WF1l. TWO PROTON EXCITATION OF rtE D \ X 
+ 
TRANSITION IN CO .................... 15 sin.(4:4W0

C._KITIRELL. S. CAMERON, Departmunt of Cnemtstry, Massachusetts
Institute of Technology, Cambridge, Massachusetts, 02139; R. F. BARRO'A,

Physical Chemisery Laboratory, Oxford University, Oxford, England,

OXI 3QZ; L. BUTLER, Materials and molecular Research Division,
Lawrence Berkeley Laboratory and Department of Chemistry, University

of California, Berkeley, California, 94720; and R. W. FIELD,
Department of Chemistry, Massachusetts Institute of Technology,

Cambridge, Massachusetts, 02139.

C-
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WEDNESDAY, JUNE 15, 1983 -- 1:30 P.M.

Room 1005, Physics Laboratory

Chairman: G.N.R. TRIPATHI, Radiation Laboratory, University of
Notre Dame, Notre Dame, Indiana.

WG1. RECENT DEVELOPMENTS IN STIMULATED RAMAN METHODS .......... 40 min.(1:30)

A. OWYOUNG, Advanced Laser Technology, Division
1124, Sandia National Laboratories, Albuquerque,
New Mexico, 87185.

WG2. APPLICATIONS OF RESONANCE ENHANCED COHERENT ANTI-
STOKES RAMAN SPECTROSCOPY ................................ 30 mmn.(2:15)

L. A. CARREIRA, Department of Chemistry,
The University of Georgia, Athens, Georgia,
30602.

WG3. COLLISIONAL LINE BROADENING AND MIXING IN VIBRATIONAL
Q-BRANCH SPECTRA ......................................... 30 min.(2:48)

GREGORY J. ROSASCO, Temperature and Pressure

Measurements and Standards Division, Center
for Absolute Physical Quantities, National

Bureau of Standards, Washington, D.C., 20234.

Intermission

WG4. NONLINEAR RAMAN SPECTROSCOPY FOR COMBUSTION RESEARCH.....30 min.(3:30)

LARRY A. RAHN, Sandia National Laboratories,

Livermore, California, 94550.

WG5. PHOTOACOUSTIC RAMAN SPECTROSCOPY OF GASES ................ 30 min.(4:03)

J. J. BARRETT, Allied Corporation, Electro-
Optical Products, 7 Powder Horn Drive,
Mt. Bethel, New Jersey, 07060.

WG6. ENERGY TRANSFER EFFECTS ON THE LINESHAPE OF THE NO
FUNDAMENTAL RAMAN Q-BRANCH, STUDIED WITH NON-LINEAR
RAMAN GAIN ............................................... 15 min.(4:36)

G. J. ROSASCO, Temperature and Pressure
Measurements and Standards Division, Center
for Absolute Physical Quantities, National
Bureau of Standards, Washington, D.C., 20234,
W. LEMPERT, Molecular Spectroscopy Division,
National Bureau of Standards, Washington, D.C.,
20234; and W. S. HURST, Temperature and Pressure
Measurements and Standards Division, Center for
Absolute Physical Quantities, National Bureau of
Standards, Washington, D.C., 20234.

This special seminar on Non-Linear Raman Spectroscopy has been arranged
in collaboration with the Coblentz Society. We are particularly grateful
to Dr. R. S. McDowell for his help on behalf of the Society.

WG7. E6 will be presented here(R. A. HILL) ................... 10min.(4:53)



WEDNESDAY, VANE 13, 1983 -- 1:33 P.M.

Rion 1003, Evans Chemical Laboratory

Chairman: RICHARD F. FIRLSTONE, Department of Chemistry, The Ohio State University.

Columbus, Ohio.

WAI. R)TATIONAL RELAXATION AND A. COMPONENT SLITCHING COLLISIONs IN THE
BaO A' 1l1 STATE ............................................................. 15 min.(l:30)

YiN C-lU HSU and J. GARY PRUETT, Tha Standard Oil Company (Ohio),
Corporate Research Center, 4440 Warrensville Center Road,
Warrensville Heights, Ohio, 44128,

W-42. QUENCHING OF THE A
2
f, STATE OF OR AT-1100 K ............................... 15 min.(1:47)

PAUL W. FAIRCHILD, GREGORY P. SMITH, and DAVIDR. CROSLEY, Molecular
Physics Laboratory, Stanford Research Institute International,
Menlo Park, California, 94025.

W13. INTRAMOLECULAR VIBRATIONAL REDISTRIBUTION AS SEEN IN TIME RESOLVED
EMISSION FROM p-DIFLIJOROBENZENE ............................................... 15 min.(2:0!.)

K. _W. HOLTZCLAW, Department of Chemistry, Indiana University,
Bloomington, Indiana, 47405; D. A. DOLSON, Environmental Science
Department, General Motors Research Laboratories, Warren, Michigan,
48090; and C. S. PARMENTER, Department of Chemistry, Indiana
University, Bloomington, Indiana, 47405.

WA4. LUORESCENCE SPECTRA OF p-DIFLUOROBENZENE IN A MOLECULAR BEAM, EVIDENCE
FOR ROTATIONAL INVOLVEM-jNT IN INTRAMOLECULAR VIBRATIONAL REDISTRIBUTION ..... 15 min.(2:21)

S. H. LEE and C. S. PARMENTER, Department of Chemistry, Indiana
University, Bloomington, Indiana, 47405.

W115. INTERMOLECULAR POTENTIALS AND VIBRATIONAL ENERGY FLOW IN LIQUIDS: V-T
RELAXATION OF CO(v=l) BY 82 , D 2 AND He IN LIQUID Ar ........................ 15 min.(2:39)

DONALD W. LUPO and G. E. EWING, Department of Chemistry, Indiana

University, Bloomington. Indiana, 47405. /
WTi6. VIBRATIONAL ENERGY TRANSFER OF CO BY CH4 , CD, AND CF4 IN LIQUID Ar ......... 15 mm. (2:55)

H. M. ABDEL-HALIM and G. E. EWING, Department of Chemistry,
Indiana University, Bloomington, Indiana, 47405.

WNd7. DIODE INFRARED LASER DOUBLE RESONANCE OF SUBSTITUrED METHANES:
SPECTROSCOPY AND RELAXATION ................................................. 15 min. (3:12)

J. 1. STEINFELD, D. HARRADINE, L. LAUX, Department of Chemistry,
Massachusetts Institute of Technology, Cambridge, Massachusetts,
02139; and M. DUBS, Physikalisches-Chemisches Institut der

Universitat Zurich, Cq-8057, Switzerland.

W48. PRONON-ASSISTED ENERGY TRANSFER IN M,)LECULAR CRYSTALS ....................... 15 mn. (3:29)

I. Y. CHAN and M. P. KARNETT, Department of Chemistry, Brandeis
University, Waltham, Massachusetts, 02254.

WH9.713 will be presented here (R. MOORE) ........................................ !0 min.(3:46)
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WEDNESDAY, JUNE iS, 1983 -- 4:00 P.M.

Chairman: J. J. VAN VAALS, Aid. Atoom-en Molekuulfyaica, Katholieke Universiteit
Nijmegen, Toernooiveld, 6525 ED Nijmegen, The Netherlands.

WH' I. CHEMILUMINESCEN4T OXIDATION OF ZINC ATOMS BY NITROUS OXIDE.................... 15 sin. (A:05)

BRIMN G. WICKE, Department of Physical Chemistry, General Motors
Research Laboratories, Warren, Michigan, 48090.

WH' 2. JET SPECTROSCOPY OF PERPROTONATED AND PERDEUTERATED BENZENE DIMERS
BY 2-COLOR RESONANCE PHOTOIONIZATION.......................................... 10 sin. (4:22)

K. H. FlING, Herzberg Institute of Astrophysics, National Research
Council of Canada, 100 Sussex Drive, Ottawa, Ontario, Kl.A 0R6, Canada;
H. L. SELZLE, and E. W. SCHlLAG, Physikaliache Chemie der Technischen
UniversitiJt Kinchen, 8046 Garching, West Germsi'v.

WHW3. FTIR SPECTRUM OF BENZENE IN A SUPERSONIC EXPANSION........................15 sin. (4:34)

0. SNAVELY, V. WALTERS, S. COLSON, and K. WIBERG, Sterling Chemistry
Laboratory, Yale University, New Raven, Connecticut, 06511.

WH'4. FTIR SPECTRUM OF PYRIDINE IN A SUPERSONIC EXANSION ........................15 min.(4:5I)

V. WALTERS, K. WONG, D. SNAVELY, S. COLSON, and K. WIBERG, Sterling
Chemistry Laboratory, Yale University, New Haven, Connecticut, 06511.



24

THURSDAY, JUNE 16, 1983 -- 8:30 A.M.

Room 1153, Physics Laboratory

Chairman: Jon T. Hougen, National Bureau of Standards,
Washington, D.C., 20234

RAI. MODERN ASPECTS OF MOLECULAR VIBRATION-ROTATION
THEORY .................................................... 25 min.(8:30)

M. R. ALIEV, Institute of Spectroscopy,
Academy of Sciences, Akademgorodok, Moscow
Region, U.S.S.R.

RA2. HIGH RESOLUTION SPECTROSCOPY WITH DIODE LASERS ........... 25 min.(9:00)

1. 1. ZASAVITSKY, P. N. Lebedev Physical
Institute, Academy of Sciences, Moscow Region,
U.S.S.R.

RA3. SPECTROSCOPY OF ATMOSPHERIC AND POLLUTION GASES .......... 25 min.(9:30)

YU. S. MAKUSHKIN, Institute of Atmopsheric
Optics, Academy of Sciences, Siberian Branch,
Tomsk, U.S.S.R.

Intermission

RA4. HIGH-SENSITIVE LASER SPECTROSCOPY IN THE VISIBLE I
AND IN THE PHOTOGRAPHIC INFRARED ......................... 25 min.(10:10)

L. N. SINITSA, Institute of Atmospheric
Optics, Academy of Sciences, Siberian Branch,
Tomsk, U.S.S.R.

RA5. STUDY OF MICROWAVE SPECTRAL LINES: PRESSURE SHIFT,
BROADENING, LINESHAPE .................................... 25 min(1O:40)

A. F. KRUPNOV, Institute of Applied Physics,
Academy of Sciences, 46 Uljanov Street, 603600
Gorky, U.S.S.R.

RA6. FIRST INFRARED DETECTION OF ATMOSPHERTC NO2
FROM THE GROUND .......................................... 15 min.(11:1O)

J.-M. FLAUD, C. CAMY-PEYRET, A. PERRIN,
Laboratoire de Physique Moleculaire et d'Optique
Atmospherique, C.N.R.S., Batiment 221, Campus
d'Orsay, 91405 Orsay Cedex, France, J. LAURENT,
O N E R A, 92320 Chatillon, France; and G. M.
STOKES, Battelle Pacific North West Laboratoires,
P.O. Box 999, Richland, Washington, 93352.

RA7. L will be presented here (JOAN M. FRYE) ............... 15 min.(11:27)
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THURSDAY, JUNE 16, 1983 -- 9:30 A.M.

Roam 1009, Physics Laboratory

Chairman: RUSSELL PITZER, Department of Chemistry, The Ohio State University,
Columbus, Ohio.

RBI. A THEORETICAL STUDY OF THE OH MEINEL SYSTEM. THE ORIGIN OF THE SURFACE
GLOW ON SPACE VEHICLES? ................ INVITED PAPER ........................ 40 min. (9:30)

STEPHEN R. LANGHOFF, NASA-Ames Research Center, Moffet Field,

California, 94035.

RB2. OPTICAL AND 4AGNETO-OPTICAL ROTATION DUE TO TRANSVERSE ELECTRONIC MOTION
IN THICK HELICES OF NON-INTEGRAL TURNS ....................................... 10 min.(10: 15)

S.NTEL H. BROWN, Naval Ship Research and Development Center,

Department of the Navy, Annap~lis, Maryland, 21402; and
YING-NAN CHIU, Department of Chemistry, The Catholic University
of America, washington, D.C., 20064.

RB3. "CRYSTAL FIELD" THEORY FOR THE RYDBERG STATES OF POLYATOMIC MOLECULES
AND ORBITAL CORRELATION TO DISSOCIATED FRAGMENTS ............................ 15 min.(IO:27)

YING-NAN CHIU, Department of Chemistry, The Catholic University
of America, Washington, D.C., 20064.

RB4. DEGENERATE STATES IN OPTICAL ROTATION ....................................... 10 min.(lO:44)

YING-NAN CHIU, Department of Chemistry, The Catholic University
of America, Washington, D.C., 20064 and Institute of Chemistry,
Academia Sinica, Nankang, Taipei, Taiwan, Republic of
China.

RB5. VALENCE BOND A)DEL FOR inra STATES OF 2,2' ,4,4'-TETRA-METHYLCYCLOBUTANE-
1,3-DIONE(TMCBD) ............................................................ 15 min.(I0:56)

W. R. WADT, Theoretical Division, Los Alamos National Laboratory,
University of California, Los Alamos, New Mexico, 87545; W. R.
MOOMAW, S. M. JAFFE, and JOHN W. THOMARN, JR., Thompson Chemical
Laboratory, Williams College, Williamstown, Massachusetts, 01267.

R86. THE CONVERGENCE PROPERTIES OF MR-CI ENERGIES................................. 10 min.(l1:13)

F. B. BROWN, Department of Chemistry, The Ohio State University,
Columbus, Ohio, 43210; R. SHEPARD, Chemistry Division, Argonne
National Laboratory, Argonne, Illinois, 60439; aod I. SHAVITT,

Department of Chemistry, The Ohio State University, Columbus,
Ohio, 43210.

RB7. THEORETICAL STUDY OF CS2 POTENTIAL SURFACE ................................... 15 min. (11.25)

R. N. DIFFENDERFER and I. SHAVITT, Department of Chemistry,
The Ohio State University, Columbus, Ohio, 43210.

RB8. 15 will be presented here (E. YURTSEVER) ..................................... 10 min.(11!42)
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THURSDAY, JUNE 16, 1983 -- 8:30 A.M.

Room. 1005, physics Laboratory

Chairman: H3WARD STIDHAM, Departmnnt of Chersistry, University of Massachusetts,
Ams~ersts Massachusetts.

RC1. A VIBRATIONAL CIRCULAR DICHROISM (VCD) STJY OF THE STEREOCHEMISTRY
OF Co(III) AND Cr(III) COMPLEXES.............................................. 15 mifl.(8:30)

.R1YL YOUNG, FAY RATNOJSKY, SUSAN BECKER, ELMER LIPP, and
LAURENCE NAFIE, Department of C'-emistry, Syracuse University,
Syracuse, Ne.4 York, 13210.

RC2. SOME TECHNICAL ASPECTS OF FTIR-VCD............................................ 15 mn. (8:47)

E. D. LIPP and L. A. NAFIE, Departmant of Chemistry, Syracuse

University, Syracuse, New York, 13210.

RC3. RAMAN OPTICAL ACTIVITY IN THE SKELETAL MOTIONS OF (+)-(3R)-
M-'THYLCYCLOHEXANONE........................................................... 15 mn. (9:04)

TL B. FREEDMAN, C. G. ZIMBA, W. ZUK, and L. A. NAFIE, Department of
Chemistry, Syracuse University, Syracuse, New York, 13210.

RC4. VIBRATIONAL CIRCULAR DICHROISM OF SMALL MOLECULES............................. 15 mitt.(9t21)

A. ANNA.MAAI and T. A. KEIDERLING, Department of Chemistry,
University of Illinois at Chicago, Chicago, Illinois, 60680.

RC5 * COUPLED OSCILLATOR INTERPRETATION OF THE VCD OF DICARBONYL CONTAINING
STEROIDS....................................................................... 15 min.C9:33)

U.SHA NARAYANAN and T. A. KEIDERLING, Department of Chemistry,
UniversiTty ofIllinois at Chicago, Chicago, Illinois, 60680.

Intermiss ion

RC6. THE EFFECT OF DEUTERATION ON THE AMIDE I & It BANDS OF a-HELICAL
POLYPEPTIDES AS EVIDENCED BY VCD STUDIES...................................... 15 min.(lO: 10)

A. C. SEN and T. A. KEIDERLING, Department of Chemistry,
University of Illinois at Chicago, Chicago, Illinois, 60660.

RC7. MAGNETIC VIBRATIONAL CIRCULAR DICHROISM OF METHYL HALIDES AND ANR1ONIA...15 min.(10:27)

T. R. D7VINE and T. A. KEIDERLIN5, Department of Chemistry,
University of Illinois at Chicago, Chicago, Illinois, 60580.

RCB. SOME ASPECTS OF THE CIRCULAR DICHROISM MEASUREMENTS ON FOURIER TRANSFORM
INFRARED (FTIR) SPECTROMETERS................................................. 15 miu.(lO:44)

D. F. MICHALSKA and P. L. POLAVARAPU, Depsrtment of Chemistry,
Vanderbilt University, Nashville, Tennessee, 37235.

R09. FOURIER TRANSFORM INFRARED ABSORPTION AND CIRCULAR DICHROISM OF
CARBOHYDRATES.................................................................. 15 min.(11:0l)

D. M. BACK and P. L. POLAVARAPU, Department of Chemistry, Vanderbilt
University, Nashville, Tennessee, 37235.

RCIO. SPECTROSCOPIC MODULATION TECHNIQUES TO OBSERVE INFRARED SPECTRA FOR SPECIES
IN THE ELECTRODE SOLUTION INTERFACIAL REGION.................................. 15 smin.(1l:1B)

J1. W. RUSSELL, Department of Chemistry, Oakland University, Rochester,
Mtiigan, 48063; A. BEWICK, Department of Chemistry, Southampton
University, Soithampton, Hampshire, England, S09 5NII; and
J1. OVEREND, Department of Chemistry, University of Minnesota,
Minneapolis, Minnesota, 55455.

RC1l. INFRARED SPZECTROSCOPY OF PHYSISORBED MOLECULES ON ALKALI HALIDE SURFACES .... 15 miu.(1l:35)

C. A. BAUMANN, W. C. SC41INZER, and G. E. EWING, Department of

Cntimtry, Indiana University, Bloomington, Indiana, 47405.

RC12. 114 will be presented here (B. GALABOV)....................................... 10 min.(1I:52)
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THURSDAY, JUNE 16, 1983 -- 1:30 P.M.

Roam 1153, Physics Laboratory

Chairman Before Intermissioq: PAUL PARKER, Department of Physics, Michigan State
University, East Lansing, Michigan.

Chairman After Intermission: G. GRANER, Laboratoire d'Infrarouge, Universit4 de
Paris-Sud, 91405 Orsay, France.

REI. THEORY FOR VIBRATION-ROTATION-LARGE AMPLITUDE INTERNAL MOTION INTERACTIONS..15 min.(l:30)

C. RICHARD UADE and YUHUA GUAN, Department of Physics, Texas Tech
University, Lubbock, Texas, 79409.

RE2. THE INTERNAL COORDINATE FORMULATION OF TH3 VIBRATION-ROTATION ENERGIES FOR
SYMMETRIC TOP AND SPHERICAL TOP MOLECULES .................................... 15 min.(1:47)

WILLIAM B. CLODIUS and C. RICHARD QUADE, Department of Physics,
Texas Tech University, Lubbock, Texas, 79409.

RE3. HIGHER-ORDER I-DIUBLING OF LINEAR MOLECULES .................................. 15 min.(2:04)

JAMES K. G. WATSON, Herzberg Institute of Astrophysics, National
Research Council of Canada, 103 Sussex Drive, Ottawa, Ontario,
KLA OR6, Canada.

RE4. HIGHER-ORDER VIBRATION-ROTATION CONSTANTS OF THE X3 MOLECULE ................ 15 min.(2:21)

JAMES K. G. WATSON, Herzberg Institute of Astrophysics, National
Research Coincil of Canada, LOO Sussex Drive, Ottawa, Ontario,
KIlA OR6, Canada.

RES. SIMULATED ELECTRONIC SPECTRA OF HCN AND CNH OBTAINED WITH THE SEMIRIGID

BENDER MODEL ................................................................ 10 min.(2:35)

S. C. ROSS and P. R. BUNKER, Herzberg Institute of Astrophysics,
National Research Council of Canada, 100 Sussex Drive, Ottawa,
Ontario, KIA OR6, Canada and Department of Physics, Carleton
University, Ottawa, Ontario, KIlS 5B6, Canada.

RE6. SENSITIVITY OF QJASI-EQUILIBRIIM SEMIRIGID MODELS TO ISOTOPIC SUBSTITUTION..10 min.(2:50)

G. A. NATANSON, Department of Chemistry, The University of Chicago,
Chicago, Illinois, 60637.

Intermission

RE7. THE NONRIGID BENDER HAMILTONIAN FOR A QUASILINEAR TRIATO-IC K)LECULE
AND ITS APPLICATION TO CH ................................................... 15 min.(3:l5)

PER JENSEN and P. R. BUNKER, Herzberg Institute of Astrophysics,
National Research Coincil of Canada, 100 Sussex Drive, Ottawa,
Ontario, KIA OR6, Canada.

RE8. HCNO AS A SEMIRIGID BENDER: THE DEGENERATE v, STATE ........................ 10 min.(3:32)

B. P. WINNEWISSER, Physikalisch-Chemisches Institut, Justus-Liebig-
Universitaet Giessen, D-6300 Giessen, West Germany; and PER JENSEN,
Herzberg Institute of Astrophysics, National Research Council of
Canada, 100 Sussex Drive, Ottawa, Ontario, KIA OR6, Canada.

RE9. CALCULATION AND INTERPRETATION OF THE VIBRATIONAL SPECTRA OF
INTERACTING MOLECULES ....................................................... 15 min.(3:44)

STEVEN CHIN, Department of Chemistry, University of Florida,
Gainesville, Florida, 32611; T. A. FORD, Department of Chemistry,
University of Witwatersrand, Jo'iannesburg, South Africa; and
WILLIS B. PERSON, Department of Chemistry, University of Florida,
Gainesville, Florida, 32611.

RElO. ON THE COLLISION DYNAMICAL ORIGINS OF PRESSURE BROADENING ................... 15 min.(4:Ol)

J. GELFAND, Applied Physics & Materials Laboratory, Department of
Mechanical & Aerospace Engineering, Princeton University, Princeton,
New Jersey, 08544; J. J. BELBRUNO, Department of Chemistry,
Dartmouth College, Hanover, New Hampshire, 03755; K. VERGES,
Applied Physics & Materials Laboratory, Department of Mechanical
& Aerospace Engineering, Princeton University, Princeton, New Jersey,
03544; and H. RABITZ, Department of Chemistry, Princeton University,
Princeton, New Jersey, 08544.
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R1ll. NITROGEN BROADENED HALFWIDTHS OF HF IN TIE 1-0 BAND ...................... ... 1 Oin.(4:l8

R. E. THOMPSON, Systems and Applied Sciences Corporation, Hampton.
Virginia, 23666; J. H. PARK, M.A.H. SMITH, G. A. HARVEY. and
J. H. RUSSELL, Ill, NASA Langley Research Center, Hampton, Virginia,
23665.

REL2. VIBRATIONAL SPECTRA FROM SEMI-C-ASSICAL MiC.iANICS ........................... 15 min.(4:30)

D. M. WARDLAW, Arthur Amos Noyes Laboratory of Chemizal Physics,
California Institute of Technilogy, Pasadena, California, 91125;
D. W. NOID, Oak Ridge National Laboratory, Oak Ridge, Tennessee,
37830; and R. A. MARCOS, Arthur Am,3s Noyes Laboratory of Chemical
Physics, California Institute of Techn:logv, Pasadena, California,
91125.

REl3. ANHARMONICITY CONSTANTS IN ACETAMIDE AND THIOACETAMIDE ...................... 10 ain.(4:47)

SIBSANKAR BALA, Department of Physics, University of Calcutta, 92,
A.P.C. Road, Calcutta 700009, India; PRABHAT K. PANJA, Department
of Chemistry, Presidency College, 86/1, College Street, Calcutta
700073, India; and PRADIP N. GqOSH, Department of Physics, University
of Calcutta, 92, A.P.C. Road, Calcutta 703009, India.

REI4. VIBRATIONAL SPECTRUM AND NEARLY FREE INTERNAL ROTATION ...................... 10 min.(
4
:57)

SAJAL K. GANGULY and PRADIP N. GHDSH, Department of Physics, University
of Calcutta, 92, A.P.C. Road, Calcutta 700009, India.

ft4
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THURSDAY, JUNE 16, 1983 -- 1:30 P.M.

Room 1009, Physics Laboratory

Chairman Before Intermission: A. J. MERER, Department of Chemistry, University of
British Columbia, Vancouver, British Columbia, Canada.

Chairman After Intermission: J. L. HARDWICK, Radiation Laboratory, University of
Notre Dame, Notre Dame, Indiana.

RFI. HIGH RESOLUTION PHOTOELECTRON SPECTRUM OF THE W (,I I ) STATE OF N20+ .......... 1 0 mmo.(1:30)
T. CVITAS, L. KLASINC, B. KOVA6, The Rugjer Boskovid Institute, Zagreb,
Yugoslavia; R. MCDIARMID, Nationml Institutes of Health, Bethesda,
Maryland, 20205.

RF2. INVESTIGATION OF THE 550 nm REGION OF SUPERSONICALLY COOLED NO2 . . . .. . .. . . .. . 15 min. (1:42)
!ENG-CHIII SU and DAVID L. MDNTS, Department of Chemistry, University
of Arkansas, Fayetteville, Arkansas, 72701.

RF3. SPIN PERTURBATIONS IN THE NO2 VISIBLE SYSTEM................................. 15 min. (1:59)
DAVID L. MONTS and MENG-CHIH SU, Department of Chemistry, University
of Arkansas, Fayetteville, Arkansas, 72701.

RF4. COLLISIONAL TRANSFER OF ROTATIONAL ENERGY IN THE 2B 1 ELECTRONIC STATE
OF NITROGEN DIOXIDE AND IMPROVED VIBRATIONAL AND ROTATIONAL CONSTANTS
FOR THE (0,2,0) and (0,3,0) STATES .......................................... 15 min.(2:16)

J. L. HARDWICK, Radiation Laboratory, University of Notre Dame,
Notre Dame, Indiana, 46556.

RF5. THE NEAR ULTRAVIOLET ABSORPTION SPECTRUM (Z BANDS) OF 1
2
C34S 2 ............... 15 mtn.(2:33)

J. L. HARDWICK, Radiation Laboratory, University of Notre Dame,Notre Dame, Indiana, 46556; C. J. SELISKAR, and C. KINARD, Department
of Chemistry, University of Cincin-iati, Cincinnati, Ohio, 45221.

RF6. ROTATIONAL PERTURBATION AND ZEEMAN EFFECt IN THE A A"-XA' TRANSITION
OF HCF ......................................................................

1D min.(2:50)
T. SUZUKI, S. SAITO, and E. HIROTA, Institute for Molecular Science,
Myodaiji, Okazaki 444, Japan.

Intermiss ion

RF7 LASER EXCITATION SPECTRUM ANj MICROWAVE OPTICAL DOUBLE RESONANCE SPECTRUM
OF THE 31 BAND IN THE 13 22. SYSTEM...................................... 15 min.(3:15)

SUZUKI, S. SAITO, and E. HIROTA, Institute for Molecular Science,
Myodaiji, Okazaki 444, Japan.

RF8. WHY IS FORMALDEHYDE NONPLANAR IN ITS S1 (77*,n) ELECTRONIC STATE? ............. 15 sin.(3:32)
K. K. INNES, Department of Chemistry, State University of New York,
Binghamton, New York, 13901.

RF9. THE ELECTRIC DIPOLE MOMENT OF THE 7 IA 2 STATE OF FORMALDEHYDE BY STARK
QIJANTUM BEATS ............................................................... 15 min.(3:49)

MARTIN CARRERA, P. H. VACCARO, H.-L. DAI, and R. W. FIELD, Department
of Chemistry, Massachusetts Institute of Technology, Cambridge,
Massachusetts, 02139.

RFI. ZERO FIELD AND ZEEMAN QUANTUM BEATS IN THE ACETYLENE X 'A u STATE ............ 15 mlin. (4:06)

M. LOMBARDI, Laboratoire de Spectromtrie Physique, Universiti
Scientifique et Medicale de Grenoble, 38041 Grenoble, France;
E, ABRAMS(, and R. W. FIELD, Department of Chemistry, Massachusetts
Institute of Technology, Casbridge, Massachusetts, 02139.

RFlI. STIMUJLATED E12ISSION SPECTROSCOPY OF R2 .................................... 15 mn. (4:23)
H.-L. DAI, D. E. REISNER, P. H. VACCARO, C. KORPA, R. W. FIELD, and
J. L. KINSEY, Department of Chemistry, Massachusetts institute of
Technology, Cambridge, Masachusetta, 02139.

RFl2. STIMULATED EMISSION SPECTROSCOPY OF ACETYLENE. STRUCTURE OF THE IleSTATE AT 28000 15mm . ( :40STAT AT 8000 co' .................................................. a....... 15 man. (4:40)

E. ABRAMSON, D. INRE, J. L. KINSEY, and R. W. FIELD, Department ofChemistry, Massachusetts Institute of Technology, Cambridge,
Massachusetts, 02139.

RF13. E 15 will be presented here(IERRT U.ILLZ) ................................... 10 ain.('sS7)

I aIII
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TH'RSDAY, JUNE 1b, 1983 -- 1:30 P.M.

Room 1005, Physics Laboratory

Chairman Before Intermission: R. H. TIPPING, Optical Physics Division, U. S. Air
Force Geophysics Laboratory, Hanscom Air Force

Base, Massachusetts.

Chairman After Intermission: ALFONS WEBER, Molecular Spectroscopy Division,

National Bareau of Standards, Washington, D.C.

RG1. ASYMMETRY OF THE INrERCOLLISIONAL DIP IN PRESSURE-INDUCED INFRARED SPECTRA..15 min.(1:30)

J. D. KELLEY and S. L. BRAGG, McDonn,11 Douglas Research
Laboratories, Box 516, St. Lojis, Missouri, 63166.

R,-2. OBSERVATION OF TdE .J= 5 PURE ROTATIONAL TRANSITION IN SOLID HD ............. 15 min.(l:47)

_EN-HSIN LIEN, K. K. LO, J. R. GAINES, arn K. NARAHARI RAO, Department

of Physics, Tn. Ohio State University, Columbus, Ohio, 43210.

R03. HIGH REiOLUrON SPECTROSCOPY OF THE OVERTONE BANDS OF d .................... 10 min.(2:04)

B.A.HARE, M. E. MICKELSON, Department of Physics, Denison
University, Granville, Ohio, 43023; and J. T. TRAU3ER, Division
of Geological and Planetary Sciences and Jet Propulsion Laboratory,
California Institute of Technology, Pasadena, California, 91125.

RG4. RAMAN SPECrOSCOPY OF HYDROGEN ISOTOPES: DETERMINATION OF EFFECTS OF
CANGES IN POLARIZABILITf ANISOTROPY ON INTENSITIES ......................... 10 mn. (2:16)

KIRK VEIRi, Los Plamos National Laboratory, Chemistry Division,
MTil Stop C348, Los Alamos, New Mexico, 87544; a-id GERD M.
ROSENBLATT, Los Alamos National Laboratory, Chemistry Division,
Mail Stop J563, Los Alamos, New Mexico, 87544.

RG5. RAMAN SPECTRUM OF PYRIDINE RESONANT TO IHE S2 (,-rr-) STATE ................... 15 min.(
2
:
2
8)

I. SUZUKA, College of Engineering, Nihon University, Koriyama,
Fukushima-ken 963, Japan; Y. C. CiUAG, and G. E. LEROI, Department
of Chemistry, Michigan State University, East Lansing, Michigan,
48824.

Rb. PRERESONANCE RAMAN EXCITATION PROFILES OF CAROTENOILS ....................... 15 min.(2:45)

C. M. PHILLIPS and G. E. LEROI, Department of Chemistry, Michigan
State University, East Lassing, Michigan, 48824.

Intermiss ion

R;7. AQUEOUS PYRIDINE BOROHYDRIDE-SILVER SOLS. I. DEPOLARIZATION RATIOS AND

POLARIZATION DISPERSION ..................................................... 10 sin. (3:15)

HOWARD D. STIDHAM and SCOTt M. HARRIS, Department of Chemistry,
University of Massachusetts, Amherst, Massachusetts, 01003.

R-8. AQUEOUS PYRIDINE BOROHYDRIDE-SILVER SOLS. Ii. MJLTIPLE SITE ADSORPTION .... 10 min.(
3
:
2 7

)

HOWARD D. STIDHAM and SCOTT M. HARkIS, Department of Cnsmistry,
University of Massachusetts, A'hsrst, Massachusetts, 01003.

R!9. A')UO.1S PYRIDINE BOROHYDRIDE-SILVER SOLS. I1. PYRAZINE AND PYRAZINE-d .... 10 sin.(3:39)

HOWARD D. STIDHAM and ANDREA M. FEMINO, Department of Chemistry,
University of Massachusetts, Amherst, Massachusetts, 01003.

R,;1O. INTENSITY SUM RULE FOR ITERATED VIRGULATE STRUCTURES ........................ 10 min.(3:51)

HOWARD D. STIDHAM, Department of Chemistry, University of
Massachusetts, Amherst, Massachusetts, 01033.

RGII. TIE RESOLVED RESONANCE RAMAN SPECTROSCOPY OF PHENOXYL RADICALS ............. 15 min.( 4
:0

3
)

G.N.R. TRIPATII and R. H. SC-4ULER, Radiation Laboratory and Department
of Cnemistry, University of Notre Dams, Notre Dave, Indiana, 46556.

RG12. CARi MEASUREMENTS IN TURBULENT FLAMES ....................................... 15 ain.(4:20)

L. P. GOSS, Systems Research Laboratories, Incorporated, 2803
Indian Ripple Road, Dayton, Ohio, 

4
5
4
'40

RGI3. ULTRASENSITIVE COHERENf RA1MAN SPECTROSCOPY OF THIN FILMS AND SURFACES ....... 15 min.(4:37)

W. M. HETHERINGION, Department of Chemistry, University of Arizona,
Tu:son, Arizo.a, 85721; G. I. STEGEIMAN, R. M. FORTEMBERRY, Optical
Sciences Center, University of Arizona, Tucson, Arizona, 85721;
ad N. E. VAN WYCK, Department of Chemistry, University of Arizona,
Tucson, Arizona, 85721.

RGI4. 714 will be presented here (E. J. HEILWEIL) ................................ 10 min.(4:52)
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THURSD.Y, JUNE 16, 1983 -- 1:30 P.M.

Room 1008, Evans Chemical Laboratory

Chairman: V. F. KALASINSKY, Department of Chemistry, Mississippi State University,
Mississippi State, Mississippi.

RHI. INFRARED SPECTRA OF MATRIX ISOLATED HYDROGEN FLUORIDE AND
VIBRATIONAL PREDISSOCIATION4 OF THE DINER...................................... 15 min.(l:30)

R. L. REDINGTON and 0. F. HAMILL, Department of Chemistry, Texas
Tech University, Lubbock, Texas, 79409.

RH2. MATRIX ISOLATION STUDY OF S02 -AMINE COMPLEXES................................. 15 min.(I:
4 7

)

CRAIG S. SASS and BRUCE S. AULT, Department of Chemistry, University
of Cincinnati, Cincinnati, Ohio, 45221.

RH3. INFRARED MATRIX ISOLATION STUDIES OF REACTIVE OXYANIONS...................... 15 min.(2:0
4

)

SHELLE J. DAVID and BRUCE S. AULT, Department of Chemistry, University
of Cincinnati, Cincinnati, Ohio, 45221.

RH4. MATRIX ISOLATIONI VIBRATIONAL SPECTRA OF METAL COORDINATED OXYANIONS.
THE USE OF ISOTOPE PATT'!RNS AND BAND INTENSITIES IN STRUCTURAL
CHARACTERIZATION OF HIGH TEMPERATURE MOLECULES................................1L5 mn. (2:21)

L. BENCIVENNI, Laborstorio Di Spettroscopie Molecolare Del Centro Di
Termodinamica Chimica Alte Temperature(CNR), Istituto Di Chimica Fisica,
Universit! Di Roma, 03185 Roma, Italy; K. A. GINGERICH. and N. M.
NAGARATHNA, Department of Chemistry, Texas A&M University, College
Station, Texas, 77843.

RiIS. INFRARED SPECTRA OF THE MATRIX-ISOLATED CHLORIDES OF IRON, COBALT,
AND NICKEL..................................................................... 15 min.(2:3.i)

D. W. GREEN, Chemical Technology Division, Argonne National Laboratory,
Argonne, Illinois, 60439; D. P. MCDERMOTT, Department of Chemistry,
Lafayette College, Easton, Pennsylvania, 18042; and A. BERGMAN,
Department of Chemistry, Brown University, Providence, Rhode Island,
02912.

Intermission

RH6. VIBRATIONAL SPECTRUM OF THE NITROMETHYL FREE RADICAL TRAPPED IN SOLID
ARGON.......................................................................... 15 min.(3: 10)

MARILYN E. JACOX, Molecular Spectroscopy Division, National Bureau of
Standards, Washington, D.C., 20234.

RN?. LIGHT-INDUCED PREPARATION AND ISOMERIZATION OF UNSTABLE SPECIES IN4 LOW-
TEMPERATURE MATRICES.......................................................... 15 min.(3:27)

R. P. MUdLLER and J. ROBERT HUBER, Physikalisch-Chemisches Institut
der UWIversft~t ZUrich, CH-8057 ZUrich, Switzerland.

RH8. FLUORESCENCE STUDIES OF MATRIX ISOLATED TRANSITION METAL ATOMS COMPLEXED
WITH SMALL UNSATURATED MOLECULES..............................................I15 min.(3:

4 4
)

R. RUBINOVITZ and E. R. NIXON, Department of Chemistry and Laboratory
for Research on the Structure of Matter, University of Pennsylvania,
Philadelphia, Pennsylvania, 19104.

RH9. MATRIX ISOLATION STUDIES OF NUCLEIC ACID CONSTITUENTS.
1. INFRARED SPECTRA OP URACIL MONOMERS....................................... 15 min.(',:01)

M. SZCZESNIAK, M. J1. NOWAK, N. ROSTKOWSKA, K. SZCZEPANIAK, Institute
of Physics, Polish Academy of Sciences, 02-668 Warsaw, Poland;
W. B. PERSON, Department of Chemistry. University of Florida,
Gainesville, Florids, 32611; and D. SHUGAR, Institute of Biochemistry
and Biophysics, Polish Academy of Sciences, 02-532 Warsaw, Poland.

RHID. E£2 will be presented here(. JISTLER) ................................ S 15in.(4:18)

HIl. E£9 will be presented here(JACK G, KA ) .................................... 15 min.(4:35)
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FRIDAY, JUNE 17, 1983 -- 8:30 A.M.

Roam 1153, Physics Lsbaratory

Chairman: P. N. GNOSH, Department of Physics, University of Calcutta,

Calcutta - 700009, India.

FAl. FITTING OF VIBRATION ROTATION SPECTRA OF HS AND H 2Se ....................... 15 min.(8:30)

WM. C. LANE and T. H. EDWARDS, Department of Physics and Astronomy,
Michigan State University, East Lansing, Michigan, 48924.

FA2. THE PURE ROTATION SPECTRUM IF HYDROSEN SULFIDE ............................... 10 min.(8:47)

C. CAMY-PEYRET, J.-M. FLAUD, Laboratoire de Physique Mol4culaire et
d'Optique Atmospherique, CiRS, Campus d'Orsay, 91405, Orsay, France;
and J.W.C. JOHNS, Herzberg Institute of Astrophysics, National
Research Council of Caiada, 100 Sussex Drive, Ottawa, Ontario,
KIA OR6, Canada.

FA3. HIGH RESOLUTION SPECTRUM OF THE FUNDAMENTAL 2 OF DNCO ...................... 10 min.(8:59)

D. A. STEINER, Department of Physics, The Pennsylvania State
University, University Park, Pennsylvania, 16802; K. WISHAH,

Department of Physics, University of Jordan, Faculty of Science,
Amman, Jordsn; S. R. POLO, Department of Physics, The Pennsylvania
State University, University Park, Pennsylvania, 16802; and
T. K. MZCJBBIN, JR., (on sabbatical) Laboratoire de Spectronomie
Molecula.re, Universite Pierre et Marie Curie, 4 Place Jussieu,
75005 Paris, France.

FA4. ANALYSIS OF THE 5 AND -3
+ 

6 BANDS OF CHF3 IN THE 8-9 MICRON REGION .... 15 min.(9:11)

G. GRANER and G. GUELACHVILI, Laboratoire d'Infrarouge, Universite
de Paris-Sud, 91405 Orsay, France.

FAb. THE DIODE LASER HETERODYNE OF CDF3 . . .. . . .. . .. . .. . . .. . .. . .. . . .. . .. . .. . . .. . . .. 10 min.(9:
2
8)

J3SEPH P. SATTLER, RICHARD P. LEAVITT, and TERRANCE L. WJRC'ESKY,
U. S. Army Electronics Research and Development Command, Harry
Diamond Labaratories, 2800 Powder Mill Road, Adelphi, Maryland,
20783.

FA6. ANALYSIS OF THE -6 2ND OF CHO2F ............................................ 15 min.(9:40)

D. F. EGGERS, Department of Cnamistry, University of Washington,
Seattle, Washington, 98195; and J.W.C. JOHNS, Herzberg Institute
of Astrophysics, National Research Council of Canada, 100 Sussex
Drive, Ottawa, Ontario, KIA OR6, Canada.

Intermission

FA7. ANALYSIS OF ALLENE-D4 BANDS IN THE 4.2 - 5.3 ,m REGION ...................... 15 min.(l0:l0)

J. PLIVA, Department of Physics, Tn- Pennsylvania State University,
University Park, Pennsylvania, 16802; K. R)JSAN, Department of
Physics, Yarmouk University, Irbid, Jordan; and S. R. POLO,
Department of Physics, The Pennsylvania State University, University
Park, Pennsylvania, 16802.

FA8. INTENSITY AND BROADENING STUDIES OF PROPANE, ACETYLENE, METHYL CHLORIDE
AND ETHANE IN THE 12-14.im REGION .............................................. 10 min.(l0:27)

W. E. BLASS, J. K. LAWSON, G. W. HALSEY, and M. A. DARHIL,
Mlecular Spectroscopy Laboratory, Dapartment of Physics and
Astronomy, The University of Tennessee, Knoxville, Tennessee,
37996.

FA9. DETAILED ANALYSIS OF THE 5 :,m ABSORPTION REGION OF 13CD 3F ................... 1 in.(10:39)

G. W. HALSEY, N. A. DAKHIL, and W. E. BLASS, Molecular Spectroscopy

Laboratory, Department of Physics and Astronomy, The University of
Tennessee. Knoxville, Tennessee. 37996.

FAIn. ANALYSIS OF 22 BAND OF 12CD. 3F . ..............................................10 nin.( 0:56)

M. A. DAKHIL. G. W. HALSEY. and W. E. BLASS, Molecular Spectroscopy
Laboratory, Department of Physics and Astronomy, The University
of Tennessee, Knoxville, Tennessee, 37996.
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FAll. THE HIGH RESOLUTION SPECTROSCOPY OF CYCLOPROPANE v + vCOMBINATION
BAND PERTURBED By FERMI AND CORIOLIS RESONANCES..................1 9i (1108

ZHU QINGSHI, Salt Lake Institute of Chinese Academy of Sciences,
Suning, Qinghai, People's Republic of China; SHEN ZHIYE,
SHEN HUINDA, LIU HUIFANG, ZHAN4G BAOSHU, HU3ANG RUNLAN, and
ZHANG CUNHAC, Dalian Institute of Chemical Physics, Dalian,
People's Republic of China.

FAl2. VISIBLE AND NEAR INFRARED SPECTRA OF CYCLOPROPANE............................ 10 mn. (11:25)

S. L. BRAGG, McDonnell Douglas Research Laboratories.
P.O. Box 516, St. Louis. Missouri, 63166.

FAl3. FIRST OBSERVATION OF 12 C2H 4AND 
1 2 

C
1 3 
CH4 HOT BANDS IN THE 10 ,"m REGION ... 15 mun.(ll:37)

L. HENRY, A. VALENTIN, Laboratoire de Spectronomie Mol~culaire,
Universit4 Pierre et Marie Curie, F-75230 Paris, France;
M. DE VLEESCHOUWER, Ch. t.AM~BEAU, and A. FAYT, Department of
Molecular Spectroscopy, University of Louvain, Chemin du
Cyclotron, 2. B-1348 Louvaun-La-Neuve, Belgium.

FAI4. HIGH VIBRATIONAL OVERTONES IN SiHC1 AND SiH 2Cl .............. 1 i.1:4

R. A. BERNHEIM, F. W. LAMPE, J. F. O'IOEFE, anid J. R. QUALEY, -III,
Department of Chemistry, Pennsylvania State University, University
Park, Pennsylvania, 16802.

FAl5. MOLECULAR CONSTANTS OF SEVERAL LEVELS OF ISOTOPIC CARBON DISULFIDE
FROM IR SPECTRA................................................................ 5 min.(12:06)

ROMOLA D'CUNHA, JON MANHEIK, K~. NARAHARI RAO,
Department of Physics. The Ohio State University, Columbus, Ohio,
43210; and C. 3. SELISKAR, Department of Chemistry, University
of Cincinnati, Cincinnati, Ohio, 45221. Permanent address of
JON KANHEIM: Wright Patterson Air Force Base, Ohio, 45433.

FAI6. n1O will be presented here (H. A. FRY)........................................ 10 mii. (12:11)
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FRIDAY, JUNE 17, 1983 -- 8:30 A.M.

Room 1009, Physics Laboratory

Chairman: D. L. HL'ESTIS, Molecular Physics Labaratory, Stanford Research Institute
International, M?nlo Park, California.

F6I. "BEST" SPECTROSCOPIC CONSTANTS FOR HgBr FROM DIRECT FITS OF 1MLTIPLE
B.AND SYSTEMS TO POLYNOMIALS AND NEAR-DISSOCIATiON EXPANSIONS................. 15 min. (8:301

J. GAIL ASHMORE and J)EL TELLINCHUISEN, Department of Cne~aistry,
Vanderbilt University, Nashville, Tennessee, 37235.

FB2. INTERFAC~ING A 'IICRODENSITOXETER TO A MICROCOMPUTER........................... 15 miii.(8:47)

0. CARLYSLE SALTER and JOEL TELLINCHUISEN, Department of Cnemiatry,
Vanderbilt University, Nashville, Tennessee, 37235.

PRO. REFLECT10N AND INTERFERENCE STRUCWVRE IN DIATO\1IC FRANCK-CONDON
DISTRIBUTIONS.................................................................. 15 min.(9:Oi)

JOEL TELLINCHUISEN, Department of Chemistry, Vanderbilt University,
Nashville, Tennessee, 37235.

P84. THE 2,380-1' EMISSION SPECTRUM OF 12:! ION-PAIR STATES NEAR 47 000 C4..........15 aiu.(9:21)

K. S. VISWANATHAN aid JOEL TELLINGHUISEN, Department of Chemistry,
Vanderbilt University, Nashville, Teanessee, 37235.

P85. CYBERNETIC REANALYSIS OF TilE S 28B
3
r--X

3 
E TRANSITION......................... 15 ain.(9:33)

GEORGE VINANSKY and ALLAN L. SMITH, Department of Chemistry,
Drexel University, Philadelphia, Pennsylvania, 1915-.

Intermiss ion

FB6 * VARIATION OF THE ELECTRONIC TRANSITION MOMENT IN TilE A 2 0 - X 20
SYSTEM )F CiO.................................................................. 15 aitt.(1O:OS)

S. A. BARTON, J. A. COXON, and U. K._ROYCHOWDHURY, Department of
Chemistry, Dalho-isie University, Halifax, Nova Scotia, B3H 4J3,
Canada. Present address of S. A. BARTON: ORE Valcartier,
P.O. Box 880, Courcelette, Qjxebec, GOA IRO, Canada.

FB7.ROTAIONA ANAYSISOF TE A2- _ 2
P87. ~ ~ ~ ~ ~ .RXAIOA ANLSSO7H SYSTEM OF THlE SULPHOR M3NOXIDE

CATION......................................................................... 15 min.(10:22)

J. A. COON and S. C. FOSTER, Department of Cnamistry, Dalhousie
UiestHalifax, Nova Scotia, B3H 4J3, Canada. Present

address of S. C. FOSTER: Herzberg Institute of Astrophysics,
National Research Coancil of Canada, 100 Sussex Drive, Ottawa,
On~tario, KLA 0R6, Canada.

PB8. ROTATIONAL ANALYSIS OF THE B ' - X 'e SYSTEM OF AID....................... 10 min.(l0:39)

J. A. COXON and S. NAXAKIS, Department of Chemistry, Dalhousie
University, Halifax, Nc-va-Scotia, B3H 4J3, Canada.

F19. POPULATION ANOMALIES IN AN Mg + N 2 0 FLAME.....................................I 15imn. (10:57)

P.C.F. IF, JEFFREY A. GRAY, Department of Chemistry, Massachusetts
Institute of Technology, Cambridge, Massachusetts, 02139; K. CROSS,
3? Chadaick Street, Hilton Park, Western Australia 6163; and
R. W. FIELD, Department of Chemistry, Massachusetts Institute of
Technology, Cambridge, Massachusetts, 02139.

P610. TiEGOc i SYSTEM.................................................... 15 mn. (11:08)

J. B. NORMAN, Department of Physics, Massachusetts Institute of
Technology, Cambridge, Massachusetts, 02139; K. J1. CROSS, 32 Chadwick
Street, Western Australia 6163; N. S. SC.I4EDA, Fakultat fur Physik
Universitat Bielefeld, 4800 Bielefeld 1, West Germany; R. F. BARROW,
Physical Chemistry Laboratory, Oxford University, Oxford, England,
OXl 3QZ; and R. W. FIELD, Department of Chemistry, Massachusetts
Institute of Technology, Camsbridge, Massachusetts, 02139.

Fell. CW ION LASER EXCITATION OF ON AND NH IN N ATMOSPHERIC PRESSURE FLAME...10 sin. (11:25)

J. A. VANDERHOFF, A. J. KOTLAR, a-d W. R. ANDERSON, Ballistic
Research Laboratory, DROAR-BLI, Aberdeen Proving Ground, Maryland,
21078.



35

FBI2. SPECTROSCOPY OF THE He*(2 3S)-C 2H2 FLAME ..................................... 15 min.(11:37)

D. H. WINICUR, J. L. HARDWICK, and S. N. MURPHY, Department of
Chemistry and Radiation Laboratory, University of Notre Dame,
Notre Dame, Indiana, 46556.

FB13. HIGH RESOLUTION LASER SPECTRUM OF THE SECOND POSITIVE BAND SYSTEM OF
N2 UNDER ELECTRON BEAM EXCITATION ........................................... 10 min.(11:54)

PUTCHA VENKATESWARLU and S. K. BASU, Department of Physics,
Alabama Agricultural and Mechanical University, Normal, Alabama,
35762, Herzberg Institute of Astrophysics, National Research
Council of Canada, 100 Sussex Drive, Ottawa, Ontario, KIA OR6,
Canada, and Department of Physics, Indian Institute of Technology,
Kanpur, India, 203016.

I
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FRIDAY, JUNE 17, 1983 -- 8:30 A.M.

Romm 1005, Physics Laboratory

Chairman: JOHN PARSON, Department of Chemistry, The Ohio State University,

Columbus, Ohio.

FCI. STRUCTURE OF LiNC BY MOLECULAR BEAM ELECTRIC RESONANCE SPECTROSCOPY ......... 15 min.(8:30)

J. J. VAN VAALS, W. LEO MEERTS, and A. DYMANUS, Aid. Atoom-en
Molekuulfysica, Katholieke Universiteit Nijmegen, Tosrno~iveld,
6525 ED Nijmegen, The Netherlands.

FC2. ROTATIONAL-VIBRATIONAL STATE DEPENDENCE OF NUCLEAR QUADRUPOLE INTERACTIONS
IN DIATOMIC MOLECULES ....................................................... 10 min. (8:47)

JAMES CEDERBERG and DAVID NITZ, St. Olaf College, Northfield,
Minnesota, 55057.

FC3. HYPERFINE SPECTRUM OF KC( AS OBSERVED BY M3LECULAR BEAM ELECTRIC
RESONANCE SPECTROSCOPY ...................................................... 10 min. (8:59)

DAVID NITZ, JAMES CEDERBERG, KEITH HETZLER, ARTHUR KOTZ, and

STANLEY rEAD, St. Olaf College, Northfield, Minnesota, 55057.

FC4. VIBRATIONAL RELAXATION OF LINEAR MOLECULES IN SUPERSONIC EXPANSIONS ......... 15 mtm.(9:ll)

R. L. DELEON and J. S. MJENTER, Department of Chemistry, University
of Rochester, Rozhester, New York, 14627.

FC5. MBER SPECTROSC3PY OF IR LASER EXCITED VIBRATIONAL STATES .................... 10 sin.(9:28)

WILLIAM EBENSTEIN and J. S. MJENTER, Department of Chemistry,
University of Rochester, Rochester, New York, 14627.

FC6. DIPOLE M)MENTS OF EXCITED VIBRATIONAL STATES OF HCN ......................... 15 min.(9:40)

R. L. DELEON and J. S. MUENTER, Department of Chemistry, University
of Rochester, Rochester, New York, 14627.

Intermiss ion

FC7. ROTATIONAL SPECTRA AND STRUCTURES OF H20-CO2, H3-002 AND D20-CO2 ........... 15 min.(l0;1O)

K. .__PETERSON, T. A. FISHER, and ... KLEMPERER, Department of
Chemistry, Harvard University, Cssbridge, Massachusetts, 02138.

FC8. THE MYSTERY OF ArHCN ........................................................ 15 min.(10:27)

G._T.FRASER, K. R. LEOPOLD, F. J. LIN, and W. KLEMPERER,

Department of Chemistry, Harvard University, Cambridge,
Massachusetts, 02138.

FC9. R3TATIONAL SPECTRA AND STRUCTURES OF HZN-CO2 AND )CN-C0 2 .................... 15 min.(1O:4
4
)

K. R. LEOPOLD, G. T. FRASER, and W. KLEMPERER, Department of
Chemistry, Harvard University, Cambridge, Massachusetts, 02138.

FCIO. DEUTERIUM QJADRUPOLE COUPLING CONSTANTS IN VIBRATIONALLY EXCITED HCCD:
EVIDENCE FOR ELECTRON REORGANIZATION ........................................ 15 min.(11:01)

M. D. MARSHALL and W. KLEMPERER, Department of Chemistry, Harvard

University, Cambridge, Massachusetts, 02138.

FCII. £:12 will be pre,r-ced here(J. A. SHEA) ....................................... 10 min. (11:18)

F012. 1:3 will be presented here(J. A. SHEA) ..................................... 15 min.(ll:30)
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Z SESSION

LATE PAPERS: THE SESSIONS IN WHICH THEY ARE SCHEDULED APPEAR IN PARENTHESES FOLLOWING
THE TIMES REQUIRED FOR PRESENTATION.

E1. MICROWAVE SPECTRA AND STRUCTURE OF METHYLGERMYL CYANIDE ..................... 10 min.(TG9)

A. B. MOHAMAD and J. R. DURIG, Department of Chemistry, University
of South Carolina, Columbia, South Carolina, 29208.

E2. THEORETICAL ANALYSIS OF INFRARED ABSORPTION LINESHAPES OF HCI ISOLATED
IN AN ARGON MATRIX .......................................................... 15 min.(RH10)

Do J. DIESTLER, Department of Chemistry, Purdue University,
West Lafayette, Indiana, 47907.

Z3. ZEEMAN SPLITTING OF THE PHOSPHORESCENCE OF PALLADIUM-PHTHALOCYANINE
IN A SHPOLSKI'I MATRIX ...................................................... 10 min.(TH '5)

W.-H. CREN, K. E. RIECKHOFF, and E.-V. VOIGT, Departments of
Chemistry and Physics, Simon Fraser University, Burnaby,
British Columbia, V5A IS6, Canada.

E". THE EFFECT OF PRESSURE ON MOLECULAR RYDBERG TRANSITIONS ..................... 15 min.(TH'6)

J. L. ADOLPH, D. L. BESTWICK, aid J. D. SCOTT, Department of
Chemistry, University of Montana, Missoula, Montana, 59812.

ES. STURMIAN BASIS MATRIX SOLUTION OF VIBRATIONAL POTENTIALS .................... 10 min.(RB8)

E. YURTSEVER, Orta Dogu Teknik Universitesi, Kimya B 61iimU,

Ankara-Turkey.

1:6. OPTICAL STARK EFFECTS IN THE STIMULATED RAMAN SPECTRUM OF 02................1 10 min- (WG 7)

R. A. HILL, A. OWYOUNG, and P. ESRERICK, Sandia National
Laboratories, Division 2562, Albuquerque, New Mexico, 87185.

Z 7. HIGH RESOLUTION FOURIER TRANSFORM SPECTRA OF THE v BAND OF HYDRAZOIC
ACID (HN3) ................................................................... 10 min.(MElS)

A. S-C. CHEUNG and A. J. MERER, Department of Chemistry, University
of British Columbia, Vancouver, British Columbia, V6T IY6, Canada.

.8. FOURIER TRANSFORM INFRA-RED SPECTRUM OF CrO NEAR 8000 CM
- 
1.................. 15 min.(TIO)

A. S-C. CHEUNG, A. J. MERER, and W. 2YRNICKI, Department of Chemistry,
University of British Columbia, Vancouver, British Columbia, V6T 1Y6,
Canada. Permanent address of W. 2YRNICKI: Institute of Inorganic
Chemistry and Metallurgy of Rare Elements, Technical University of
Wroclaw, 50-370 Wroclaw, Poland.

Z9. MATRIX ISOLATION AND FTIR SPECTROSCOPIC STUDIES OF RuO, RuO2 , RuO 3
and RuO, .................................................................... 15 min.(RHlI)

DAVID W. GREEN, Chemical Technology Division, Argonne National
Laboratory, 9700 South Cass Avenue, Argonne, Illinois, 60 39;
JACK G. KAY, Department of Chemistry, Drexel University, Philadelphia,

Pennsylvania, 19101; GERALD T. REEDY, Chemical Technology Division.
Argonne National Laboratory, 9700 South Cass Avenue, Argonne,
Illinois, 60439; and GEORGE L. ZIMMERMAN, Department of Chemistry,
Bryn Mawr College, Bryn Mawr, Pennsylvania, 19010.

O 10. DOPPLER SHIFT AND ION MOBILITY MEASUREMENTS OF Ar
+ 

IN A Me DZ GLOW
DISCHARGE BY DIODE LASER SPECTROSCOPY ....................................... 10 min.(MFI3)

NATHAN N. HAESE, FU-SHIH PAN, and TAKESHI OKA, Department of Chemistry,
University of Chicago, Chicago, Illinois, 60637.

ElI. SUB-DOPPLER SATURATION SPECTROSCOPY USING MICROWAVE SIDEBANDS ON CO2
LASER LINES: HYPERFINE STRUCTURE IN NH3 AND VIBRATION-INDUCED
DIPOLE MOMENT IN TETRAHEDRAL MOLECULES....................................... L5 min.(RA7)

GOTTFRIED MAGERL, JOAN K. FRYE, WELF A. KREINER, and TAKESHI OKA,
Department of Chemistry, University of Chicago, Chicago, Illinois,
60637.

12. THE ROTATIONAL ZEEMAN EFFECT IN THE ArOCS VAN DER 4AALS COMPLEX ............. 10 min.(FCll)

J. A. SHEA, W. G. READ, and E. J. CAMPBELL, School of Chemical
Sciences, University of Illinois, Urbana, Illinois, 61801.
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Et0. THE ROTATIONAL ZEEMAN EFFECT IN THE OZS-HF, OCO-DF, OCO-HCI AND SCO-HF
COMPLEXES ................................................................... 15 rain.(FCI2)

J. A. SHEA, W. G. READ, and E. J. CAMPBELL, School of Chemical
Sciences, University of Illinois, Urbane, Illinois, 61801

Z 14. LASER INDUCED FLUORESCENCE SPECTRA OF FREE-JET COOLED 3RGA4IC FREE
RADICALS - VINOXY, CYCLOPENTADIENYL, AND BENZYL ............................. 15 min.(TF1l)

M. C. HEAVEN, Department of Chemistry, Illinois Institute of
Technology, Chicago, Illinois, 60616; TERRY A. MILLER, and
L. DIMkURO, Bell Laboratories, 600 Mountain Avenue, Mirray Hill,
New Jersey, 07974.

Z 15. LASER INDUCED FLUORESCENCE SPECTROSCOPY OF 14)LECULAR IONS AND IONIC
CLUSTERS .................................................................... 10 ati .(RHII)

TERRYMILLER, L. DIKAURO, Bell Laboratories, 600 Moruntain Avense,
Murray Hill, New Jersey, 07974; M. C. HEAVEN, Department of
Chemistry, Illinois Institute of Technology, Chicago, Illinois,
6%116; and V. E. B3NDEBEY, Bell Laboratories, 603 .ointain Avanie,

M jrray Hill, New Jersey, 07974.

I
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2 SESSION

PAPERS RECEIVED AFTER THE PROGRAM WAS PRINTED ARE LISTED BELOW:

::. LASER SPECTROSCOPY OF THE 
1
A"-XIA' SYSTEM OF CuOH AND CuOD .................... 15 min.(TBll)

MITCHELL TRKULA and DAVID 0. HARRIS, Department of Chemistry
and Quantum Institute, University of California, Santa Barbara,
California, 93106.

.2. DIRECT OBSERVATION OF 3. STATES OF THE Na2 MOLECULE BY OPTICAL-OPTICAL

DOUBLE RESONANCE........ . ..................................................... 10 min.(TFl2)

LI LI and ROBERT W. FIELD, Department of Chemistry, Massachusetts
Institute of Technology, Cambridge, Massachusetts, 02139.
Permanent address of LI LI: Qinghai Institute of Salt Lake,

Academia Sinica, Xinlng, China.

73. SINGLE CRYSTAL RAMAN SPECTRA OF MAGNESIUM AND ZINC PERCHLORATE

HEXAHYDRATES .................................................................. 15 min.(FDl)

M. B. PATEL, ANSHU AGARWAL, and H. D. BIST, Department

of Physics, Indian Institute of Technology, Kanpur 208 016,

India.

24. BOND POLAR PARAMETERS FROM INTEGRATED INFRARED INTENSITIES .................... 15 min.(RCI2)

B. GALABOV. Department of Chemistry, University of Sofia,
1126, Sofia, Bulgaria.

'5. INFRARED AND RA 4A SPECTRA OF MATRIX ISOLATED (Pbo) SPECIES...................15 min.(FD2)

Y. J. PARK, R. K. KHANNA, Department of Chemistry, University
of Maryland, College Park, Maryland, 20742; and BERTRAM DONN,
Goddard Space Flight Center, Greenbelt, Maryland, 20771.

.6. VIBRATIONAL SPECTROSCOPIC STUDIES OF SO3 IN SOLID STATE ....................... 15 min.(FD3)

G. V. JERE, R. K. KHANNA, Department of Chemistry,
University of Maryland, College Park, Maryland, 20742;

and M. OSPINA and J. PEARL, Goddard Space Flight Center,
Greenbelt, Maryland, 20771

;:7. RESONANCE RAMAN STUDIES OFGAS PHASE AND CONDENSED PHASE METALLO-
PORPHYRINS: TEMPERATURE DEPENDENCE OF VIBRATIONAL FREQUENCIES AND
VIBRATIONAL ANHARMONICITIES ................................................... 20 min.(FD4)

J. L. MURTAUGH and S. A. ASHER, Department of Chemistry,
University of Pittsburgh. Pittsburgh, Pennsylvania, 15260.

28. DEVELOPMENT OF INSTRUMENTATION FOR TUNABLE UV RESONANCE RAMAN STUDIES
IN THE 217-400 NM SPECTRAL region ............................................. 15 min.(FD5)

S. A. ASHER, C. R. JOHNSON, and J. L. MURTAUGH, Department

of Chemistry. University of Pittsburgh, Pittsburgh, Pennsylvania,
15260.

:9. UV RESONANCE RAMAN EXCITATION PROFILES OF BENZENE IN THE 217 TO 270 NM
SPECTRAL REGION ............................................................... 20 min.(FD6)

C. R. JOHNSON and S. A. ASHER, Department of Chemistry,
University of Pittsburgh, Pittsburgh, Pennsylvania, 15260.

10. OBSERVATION AND ANALYSIS OF THE FUNDAMENTAL BENDING MODE OF T20 ............... 10 min.(FA16)

H. A. FRY, L. H. JONES, and J. E. BAREFIELD, Los Alamos
National Laboratory, Los Alamos, New Mexico, 87545.

711. OBSERVATION OF VISIBLE ABSORPTION IN THE FOURTH OVERTONE OF THE OH
STRETCH IN GASEOUS CH 3OH ...................................................... 15 min.(TGIO)

G. 0. BRINK. Department of Physics and Astronomy, State
University of New York at Buffalo, Amherst, New York, 14260
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712. MAGNETIC ROTATION SPECTROSCOPY OF SINGLET METHYLENE ............................ 15 min.(TB12)

H. PETEK, D. J. NESBITT, and C. BRADLEY MOORE, Department
of Chemistry, University of California, Berkeley, Berkeley,

California, 94720.

:13. DIRECT OBSERVATION OF INTRAMOLECULAR ENERGY REDISTRIBUTION IN p-DIFLUORO-
BENZENE BY PICOSECOND GATING ................................................... 10 min.(WH9)

R. MOORE, F. E. DOANY, E. J. HEILWEIL, and R. M. HOCHSTRASSER,
Department of Chemistry, University of Pennsylvania, Philadelphia,

Pennsylvania, 19104.

:14. TRANSIENT GRATING SPECTROSCOPY USING THE PHASE CONJUGATE CONFIGURATION ........ 10 min.(RCl4)

E. J. HEILWEIL and R. M. HOCHSTRASSER, Department of
Chemistry and Laboratory for the Research on the Structure
of Matter, University of Pennsylvania, Philadelphia,
Pennsylvania, 19104.

SESSION FD WILL BE HELD IN ROOM 1008 EVANS CHEMICAL
LABORATORY STARTING AT 8:30 A.M., FRIDAY, JUNE 17.

The chairman will be: W. M. HETHERINGTON, Department of Chemistry, University of

Arizona, Tucson, Arizona.

The following papers will be presented in this session: 73, n5, R6, n7, 78, 79

• u m n'I I'
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E1. (1:30)

NKASUIUNITS OF VAXIOUS ISOTOPIC RATIOS AT TUE 0.1 PRCiNT PmUCISIOm LIVIL VITE A COMPUTKR

COU3OLLED DION LAsn spacrOmcE SYSTE

R. L. SAMS AND J. R. DEVOE

A computer controlled diode laser system has been designed and built which is capable of
measuring relative intensities of absorption lines to a high depree of precision in a number of
light atmospheric trace gases. Measurements of the relative C 12C ratios in a series of CO2
samples will be presented. It will be shown that a relative accuracy of 0.1percent can be
obtained with a sample size of about 500 picograms of 

13
C02. The ratio of 180 /1 0 was measured

at the same time with comparable accuracy. A discussion of the experimental design and
measurement capabilities will be given.

Address of Sams and DeVoe: National bureau of Standards, Center for Analytical Chemistry. Laser
Analytical Chemistry Group, Washington D. C., 20234.

M]2. (1:47'

LINE INTENSITY MEASUREMENTS OF ISOTOPIC, HOT BAND, AN4D HOT HOT BAND TRANSITIONS IN THE v2

REGION OF CARBON DIOXIDE

J. O'CONNELL, A. W. MANTZ, W. 0. GALLERY, S. A. CLOUGH

Room temperature intensity measurements of individual lines for 12CI60, (1010 -
011o0) and (0330 - 0220) as well as 

1
2C60170 (0110 - 0000) transitions have been com-

pleted using a lead salt tunable diode laser system. Line intensities are reproduced
to better than 6% (30) under completely independent experimental conditions. In these
experiments absorption pathlengths are varied from 2 cm to loom as appropriate, and
intensity measurements are conducted on samples with total pressures between 0.01 Torr
and 6 Torr.

Intensities reported here for 
1
-CIbO

1 7
0 and for hot band transitions of the major

isotope differ significantly from those previously reported.

We will describe the experiments and our results in this paper.

Address of Gallery and Clough: AFGL/OPI, Hanscom APB, MA 01731
Address of O'Connell and Mantz: Laser Analytics, Inc., 25 Wiggins Ave., Bedford, MA 01730

This work was sponsored by AFGL contract No. 119628-80-C-0181.

ME3. (1:59)

WING CORRECTIONS TO MEASURED HALF-WIDTHS

BERNARD FRIDOVICH

A simple method is presented for correcting line half-widths,

measured from high resolution data, for errors introduced by the

uncertainty in locating the 100% transmittance line. The correction

is calculated from the initial measurement of: central transmittance

T(O); line half-width at /TZ-0; and the distance from line center to

the intersection of T(v) and the 100% line g. By assuming a line

shape-Lorentz or Voigt - we can compute a correction.

Address: NOAA/NESDIS, FOB #4, E/RA21, Washington. D.C. 20233



MtE4. (2:16)

STRENGTHS, HALF-WIDTHS, AND TEMPERATURE DEPENDENCE OF HALF-WIDTH, FOR

R BRANCH SPECTRAL LINES IN THE v3 AND (v2 +v3) -v2 BANDS OF CO2 NEAR

4.3 "m, MEASURED WITH A DIODE LASER

V. MALATHY DEVI, B. FRIDOVICH, D.J. JONES, AND D.G.S. SNYDER

Absolute line strengths have been measured, at room temperature, for

R branch Spectral lines of the v3 bands of 12CI
6
018O and 

12
C
16
0
17
0, and

for the (v2+v3)-,2, and (v1+v3)-vl bands of 
12
C
16
0 in the 2365-2393 cm

"1

spectral region using a tunable diode laser. Self- and nitrogen-broadened

half-widths were measured for some of the v3 lines of 
12
C
16
02 and

1
2
C
16
0170. Nitrogen-broadened half-widths were measured for the (v2+v3)-v2

lines of 
12
C1

6
02. From half-width measurements made on nitrogen-broadened

lines over a temperature range from 217 to 299K we have calculated the

temperature coefficient of the Lorentz half-width n, defined as bo(T) =

bo(To) (T/To)-n , for the v and ( 2+v3 )-v2 bands of 12C16 The mean

values of the n are 0.757+0.008 and 0.789+0.015, respectively. The band

strengths deduced from line strengths for both the v3 and (v2+V3)-v2 bands

of 
12
C
16

02 are about 5% lower than those of the latest AFCL line listing.

Isotopic band strengths for the \3 bands are also reported.

Address: NOAA/NESDIS, FOB #4, E/RA21, Washington, D.C. 20233

ME5. (2:28)

FOREIGN GAS BROADENED WIDTHS OF CO2 AT 9.4 AND 10.4tm

M. HOKE, B. HAWHINS, AND J. SHAW

The pressure broadened widths of lines of carbon dioxide broadened by
oxygen and dry air have been estimated by an analysis of the 9.4 and 10.4pm
bands using methods described previously'. The data were obtained with a
commercial Nicolet F.T.S. of resolution approximately 0.06 cm-

1
, a path length

of 130 meters, and pressures of approximately one atmosphere. Spectra were
obtained over a temperature range of about 600C, including room temperature.

Preliminary estimates for 02 broadening are consistent with the few
previous results

2
,
3
. In particular it has been found that the temperature

dependence (To/T)Y is more satisfactorily modeled with an exponent y of
approximately .75.

1
M. Hoke and J. Shaw, Applied Optics, 22, 328 (1983).
2
M. 0. Bulanin, V. P. Bulychev, and E. B. Khodos, Opt. Spectrosc., 48(4),
403 (1980).
3
R. L. Abrams, Applied Physics Letters, 25, 609 (1974).

Address of Hoke, Hawkins! and Shaw: Department of Physics, 174 West 18th Ave.,
-'--roState f-niversity

',
C u, Ohio, 43210.
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11.6. (4.40)

LINE PARAMETERS FOR THE 5-tam BANDS OF CARBON DIOXIDE

C. P. RINSLAND, D. C. BENNER. D. J. RICHARDSON, AND M. A. H. SMITH

Positions and intensities of carbon dioxide lines in the 1830-2010 cm-1 region have been

measured from long-path, low-pressure (P < 10 Torr) O.01-cm'1 resolution spectra recorded at

room temperature with the Fourier transform spectrometer in the McMath solar telescope complex

at Kitt Peak National Observatory. Over 96 percent of the 1038 lines observed have been

assigned to bands of 12C160 2 , 13C 602, 12C16080, 12Cl60170, and 
13
CL60180 or identified as

residual lines of H20. The weakest carbon dioxide lines have intensities of - 0.5 x 10
-

cm/molecule at room temperature. A preliminary analysis of the data has been published in the

form of an atlas of observed spectra with tabulated observed and calculated line positions and

assignments. 1

In this talk, the absolute intensity measurements are discussed. Values have been derived

for selected unblended lines with a nonlinear least squares curve fitting procedure.

Intensities determined from spectra recorded with different pressure-path length combinations

agree to - 1 percent for the stronger lines. The intensity data have been analyzed to determine

vibrational band intensities and F-factor coefficients for the stronger bands.

ID. C. Benner, C. P. Rinsland, D. J. Richardson, T.-H. Soo, and M. A. H. Smith,

NASA Technical Memorandum 84612, 1983.

Address of Rinsland and Benner: Department of Physics, College of William and Mary,
Williamsourg, VA, X135. Richardson: Systems and Applied Sciences Corporation, Hampton, VA
23665. Smith: NASA Langley Research Center, Mail Stop 401A, Hampton, VA 23665

ME7. (2:52)
:4OLECULAR CONSTANTS OF 12C"0, BANDS TN -

HAJIME SAKAI

T1e CO rxhibits several Lbni. of medium strongth in 1900 ' . :150 cm
-I .  

n
Iecreasing crder of the bnnd strength at room temperature), they are [11i01-000011 band
centered at 207(. M

-
1, [11112-000011 at 19 ,2.5 rn

-1
, [L2Pr01-OI1Cl at 2093.3 cm

-1
,

[20001-011MI] at 2129.8 cm
-
1, and so forth. The molecular constants Jetermined for thr

-
-

perpendicular bands provide a useful check for consistency in the global molecular constants
of CO2. The absorption data observed at gas temperature of 00OK were used to ontain a wide
.J coverage in the transition. Th" molecular parameters which are deternined consistent with
other observed transitions are shown in Table I,

Table I

0 B D 3

06051 0."00 .39021894, 133373 x 1
- 7  

. ) x 
-

!oilc 6,7.380 .,9063975 1.35766 .73L8
11101D '67. .39125L82 1.36069 .0033
11102C 1932.471 .19074417 1.49141 f,07,)
ll020 1932.471 .39168843 1.55135 -.324.7
1llOIC 2076.556 .3904,975 1.25920 1.-1431
iII01D 20{6.856 .39133492 1.21724 1.8109
i2201C 2760.725 .39151703 1.41812 -5.64"
12201D 2760.125 .39154-03 1.28067 .872).
10001 2797.136 .3906J518 .27501 4.6544

This work was supported in part by AFOOR under AFOL Contract No. F19628-81-1C-0007.

Address: Astronomy Research Facility, University of Massachusetts, Amherst, Massachusp'ts
01003, U.S.A.
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1E8. UJ:15)

12
C
16
0 8 0 : HIGH RESOLUTION EMISSION SPECTRA BY FOURIER TRANSFORM SPECTROSCOPY (FROM 2000 TO

2400 CM
-
)

D. BAILLY, C. GUELACHVILl and C. ROSSETTI

In order to study the vibrational levels of the CO, molecule and those of its main
isotopic species, the emission spectra of CO,-N 2 , CO2 -N2 He gas mixtures excited by d.c.
discharge have been recorded with a Fourier tran sform Spectrometer (Resolution : 5.4 lO-3cm

-1
)

between 1700 and 2400 cm
-
1.• 2 16 12 180 13160  13 802

126T4e vibrationat luminescence of 6 isotopic species C 02. C 02, C 02,C 0 and e 
3

k
6 8

0 have been observed : for each one, thousands of lines from band
sequencejv 1 VV2 Vvvv 2 (v3-l) have been assigned.

Results from symmetric molecules have been reported in previous papers. We shall present
results obtained from the analysis of 15 vibrational transitions concerning the assymmetric
species 1

2
CI60]80.

We shall give the spectroscopic constants associated with the 33 vibrational levels or
sublevels observed ; these conslants allow us to reproduce the experimental wavenumbers with
a standard deviation< 8 l0-

5
cm

- 
. the best being 4 10-

5
cm

-
1.

Address : Laboratoire d'lnfrarouge. Universit6 de Paris-Sud, Batiment 350, 91405 Orsay
Cdex. France.

ME9. (3:32)

ANALYSIS OF .3= 1 BANDS OF BOOK 13C 1602 AND 13C 160 1803I

MARK P. ESPLIN AND LAURENCE S. ROTHMAN

High temperature absorption spectra of an isotopically enriched sample of

CO2 has been measured in the 4.3.Am region using the Air Force Geophysics

Laboratory (AFGL) high resolution interferometer. A maximum optical path

difference of 75 cm was used, resulting in an unapodized spectral resolution

of about 0.007 cm
- 

. Due to the difficulty in making positive identification

of spectral lines in the dense experimental spectra, only those bands with a

lower state vibrational term value less than 1400 cm
- I 

for 13C1602 and the

fundamental of 
1 3

C
1 6

0
1 8

0 had previously been identified
1
. Additional bands of

these two isotopes have now been identified in the experimental spectra.

Vibration-rotation constants which predict the position of spectral lines of

these bands with an estimated accuracy of 0.0004 cm
-
I will be presented.

IM.P. Esplin, R.J. Huppi and G.A. Vanasse, Appl. Opt. 21, 1681 (1982).

This work was supported by the Air Force Office of Scientific Research.

Address of Esplin: Stewart Radiance Laboratory, Utah State University,

139 The Great Rd., Bedford, Massachusetts 01730.

Address of Rothman: Optical Physics Division, U.S. Air Force Geophysics

Laboratory, Hanscom Air Force Base, Massachusetts 01731.
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ME1O. (3:44)

TUNABLE DIODE LASER MEASUREMENTS OF INTENSITIES AND SELF-BROADENED WIDTHS OF THE
0001 - 1000 BAND OF N20

C. A. DEJOSEPH, JR. AND D. R. POND

Intensities and self-broadened widths of 48 N20 lines of the V3 - V1 band centered at

939 cm
-1 

have been measured using a tunable diode laser. Intensities and widths for each

line were determined by least-squares fitting Voigt profiles to measured room temperature

absorbances at four pressures over the range 20 -200 torr in a 2.4 meter absorption cell.

Broadening coefficients up to 01 
= 

33 were obtained. Intensities were corrected to 300°K

and using relative intensity calculations an average band intensity of

(4.77 ± 0.04) X 10
.
2 cm

"2 
atm

"I 
was obtained. This is about 20% less than the band

intensity used in the AFGL data compilation.

Address of DeJoseph and Pond: AFWAL/POOC-3, Wright-Patterson AFB OH 45433

MEll. (3:56)

INTENSITIES AND COLLISIONAL LINEWIDTHS OF N20 FROM FOURIER TRANSFORM SPECTRA

N. LACOHE, A. LEVY and G. GUELACHVILI

A method giving similtaneously the linestrengths and linewidths from Fourier transform
spectra has been set u 

(
). It was applied to determine the intensities of four transitions

of N20 : the 2000 -oooo and 12Oo -Oo0 near 4 lm
the 1000 - 0000 and 0200 - 0000 near 8 pm.

The self, N2 and 02 broadening coefficients have also been measuyed at 3001K and 220"t. Good
agreement is shown with theoretical values calculated using an improved formalism without
resort to any cut-off procedure(

2
).

IN. LACOME, A. LEVY, C.BOULET and J.P. HOUDEAU, Applied Optics 21, 2473-2480 (1982).

2N. LACOHE, A. LEVY and C. BOULET, J. Mol. Spectrosc. 97, 139-153 (1983).

Address : Laboratoire d'Infrarouge, Bit. 350, Universitg de Paris-Sud, 91405 Orsay
Cldex, France.

ME12. (4:13)

TEMPERATURE DEPENDENCE OF THE 02-BROADENED LINE WIDTHS OF N20

R. L. HAWKINS, J. H. SHAW

Oxygen-broadened line widths of the vl + 2v2 band of N20 have been obtained for tempera-
tures as low as 235 K. Fourier transform spectra, at a resolution of 0.07 ca-I apodized, were
taken of long path length (131 m) samples of N20 broadened by oxygen. The spectra were ana-
lyzed by the nonlinear least-squares, whole-band analysis technique. Lorentz widths for jm[=l
to 40 were obtained at several temperatures.

Address: Department of Physics, The Ohio Stats University, Columbua, Ohio, 43210.

GaB lllmmI mmmmmm( I I I I
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ME 13. (4 :25)

R._R. flrtAACH, R.W. f)lVJtFS, awli L.-S. RWfMANt

%br 1601, accurate Myh-i.ne-d hal 'diithq ar- dii cul t to obtain for a

larne nuanher of tran.aitions. rTic.-nt wiasor*ro-tsl half' allowed assi~ninm; average

air-broeir-ed halfwilithA o orzoe fir Ata7 hArnis, 0.01M3 c0a'/tm, andi for

?R-tvne- hands, qt = 0.077 s"-/Atm At 2()61. '1%,wmaasm.%-ent3, hok.!ver, werp. not

Pxtonqivo *'nn~yh t. jve .TIen-,nbon.'3- f thp hilfwiiths. Theretical ?17-hrroaened

hilfW1ithS 'ave hoon Aetermlin"i for *i mdN~kiar of v, (A-t-Ape) and v1 C-type) tran-

sitionsq -f mone. 7tv" hAitwi ith, havwe N_4n nealuatped ua-ini the Anderson-Tsao-

flrniutte theory *lf clisional-brniideninj Ani hy the w, riqor.us Sliantu's Fiurier

,t-infjr1 thekory dup to r~avieS. 2 Tn th- calcul -t ions, monntrihutions to thp half-

widthl Fr. iolv qaru inte-raction an,] ar.pl-l.i i~l interaction ar-.

rmsaieired. Both rietols are Cojpired with ,erilvpmt. F'rr"s th-e ;tudy, air-

Iir.ad&Ined hdlf,.Ilthq will be calculated for an oxt-~nsj',e list if transition, for

-u7xi, ani those will apear on a foture ARI. Main G~as lfrMilation.

1. I.M . Iw.11, C01. Hiarward, C.'i. Rair, arvi R.S. Wlliams, 00t. ". 21, 548(1982);
.71. Mar701iS, bppl. Opnt. 21, 3109(1982).

2. R.Il. ib,,ies, Physq. TlPv. A12; 927(1975).

'This woa~rk waas suppo~rted by tie Air Rir4ce- Office of Scientific Reqearcb, threujqh
AMT. task 21M.r

Aidress of r.W~ahP: 1hp (nter for Atisuapheric Reisearch, Universitv of tol11

VRsoarch FtiumiAtion, 450 Aiken Street, Lowell, MA M9~54.

_A:dress -of r~vies: GrF/Sylvania, 40 9ylvan 1ad, WAI thm,, MA 02 154.

Aidres% of- t~nan: optics Division, ".ir FPxco r~omhysics tahoratory,
ia&nscai AM, 4IA 01731
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ME14. (4:37)

DIODE LASER LABORATORY SPECTROSCOPY SUPPORTING THE I4m HETERUODYNE DEFECTION OF C2r6 JN JUPNTEk i

0. E. JENNINGS

Observational infrared spectroscopy of planetary atmosphrrrs pr-svntly employs irstrumenti-
tion capable of spectral resolution equaling that of any technique available in the laboratory.
The4CO laser heterodyne spectrometer has been used to observe planetary spectra at rtsolutions of
10" c/- . The recently re~orted detection of stratospheric ethane on Jupiter near 12um using
infrared laser heterodyning required a coordinate laboratury effort to provide line parametrs
from diode laser spectra. A diode laser spectrometer was used to determine individual frequencies
and strengths for lines in the v band of ethane which might be observed using the heterodyne
technique. Lines of ethane in t~e 12am fegion not belonging to vg were also identified. This
study is part of a more general analysis of v9 using diode laser and FT spectra.

The present configuration of the diode laser spectrometer includes several innovations not
described previously. Techniques for measuring line frequencies and strengths will be presented.
Confocal etalons of 50 and 2.5 cm length have been evaluated for use in calibration and spectral
analyses of diode laser output; the longer etilon provides a fringe pattern with 1ISO MHz
free-spectral-range and fringe widths limited by the laser output width. A method for
rapid sweep-integration of second derivative spectra also has been developed.

IT. Kostiuk, M. J. Mumma, F. Espanak, D. Deming, D. E. Jennings. and W. i4aguiie, Ap.J. 265,

564 (1983).

2J. Susskind, D. Reuter, D. E. Jennings, S. J. Daunt, W. E. Blass, and G. W. Hasy J.
Chem. Phys. 77, 2728 (1982); S. Daunt, A. Atakan, W. Blass. G. Halsey, D. Jennings, 0. Reuter, J.
Susskind, an'-J. Brault, submitted (198j).

Address of Jenning5: Laboratory for Extraterrestrial Physics, Infrared and Radio Astronomy
Branchl, 11ASA-Goddrd Space Flight Center, Greenbelt, Maryland 20/li

MEI5. (4.54)

HIGH RESOLUTION FOURIER TRANSFOP SPECTRA O THE vI BAND OF HYDRAZOIC ACID (HN3 )

A. S-C. CHEUNG AND A. J. HERER

The v, (N-H stretching) fundamental of HN 3 between 3140 cma
-  

and 3600 cm
- 1 

has been
recorded at a resolution of 0.004 c0

"I 
using a Fourier transform spectrometer. This is a

type AD hybrid band of a slightly asymetric top, where the K-type doubling ia resolved up to
K - 4. Two sets of K' - I sub-bands are observed, indicating an upper state perturbation.

In the present work, combination differences between different K" levels can be
measured directly for K'' up to 7; they can be combined with previous microwave measurements'
to give improved molecular constants for the ground state.

The analysis of the weak, badly perturbed v2 + v4 combination band at 3250 cmo
- will

also be discussed.

IJ. Bendtsaen and Ki. Winnevisser, Chem. Phys. Letters 33. 141 (L975).

Address: Department of Chemistry, University of British Columbia. 2036 Main Hall, Vancouver,
B. C., Canada V6T IY6.
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MF!. (1:30)

LINE ASSIGNMENTS IN THE H-F STRETCHING FUNDAMENTALS OF THE HF DIMER

W. J. LAFFERTY AND A. S. PINE

Line assignments in the two H-F stretching fundamentals have been extended considerably
over those reported at this meeting last year. Only b-type transitions have been observed

for the higher frequency %, band centered at -3929 cm
1 

while only a-type transitions

have been assigned for the -2 band at 3868 cm
-1
. The KK 

= 
-2. -1, 0, + I. and +2

Subbands of the 1I band have been assigned. The upper states of the KLK - I subband

of this vibration are perturbed. At this moment only the K-O and K=I subbands
of the parallel band have been assigned.

The molecule is very non-rigid, and it is necessary to fit each subband independently
using a Polo formalism. As in other very near prolate top molecules, the asymmetric
rotor splitting of the K=2 states has been found to be anomalously large. The
inversion splitting in the upper state of both bands is about one third that of
the ground state.

Address of Lafferty nd Pine: Molecular Spectroscopy Division, National Bureau of
Standards, Washington, D.C. 20234.

MF2. (1:47)

MILLIMETER WAVE INVESTIGATION OF THE HF DIMER

R. D. SUENRAM, F. J. LOVAS, AND W. J. LAFFERTY

The rotation-inversion spectrum of the ground state of the HF dimer has been studied
in a one meter stainless steel cell under equilibrium con6itlons at dry ice temperature
in the frequency region of 60 to 125 GHz. Both KxO and K=1 subband transitions have

been observed, thus extending the previous observations 
'
2 to higher J. In addition,

with the aid of infrared combination differences, 13 P, Q, and R lines of the K-2 subband
have been identified.

A fit of the higher J KzO and K=l subband lines )bserved in this work as well as

those previously measured,(
'2 ) 

yields Improved valLes for the centrifugal distortion
constants. The observed microwave K-2 lines were combined with infrared combination
differences to obtain the spectroscopic constants of the K=2 state. The inversion
spitting and B rotational constants for this state are:

'2' inv. 60073.39(01) MHz

B 6551.106(12) MHz

B 6553.721(12) MHz

E2 -E0+ 116.13329(8) cm
1

where the + or-sign indicates respectively the lower or upper tunnelling componept
and E2-E is the energy difference between the hypothetical J-O level of the K-2
state an the ground state. Not unexpectly the centrifugal disortlon constants for
the K=2 levels are four,' to be anamolously large. Because of the nonridigity of the
molecule it is necessary to treat each subband independently.

IT. R. Dyke, 8. J. Howard and W. Klemperer, J. Che. Phys. 56, 2664 (1972).

2B. J. Howard, T. F. Dyke, and W. Klemperer, private communications.

Address of Suenram, Lovas, and Lafferty: Molecular Spectrnscopy Division, National
Bureau of Standards, Washington, D.C. 20234.
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XF3. (2:34)

MILLIMETER WAVELENGTH STUDY OF THE HF-H 2CO SYSTEM

F. J. LOVAS AND R. D. SUENRAM

Recently Baiocchi and Klemperer
I 
have reported the microwave spectrum of H2CO-HF from a

molecular beam electric resonance study. We have examined this system with a conventional
waveguide Stark-modulated absoption cell in order to see if this species could be produced
under thermal equilibrium conditions and to obtain further information about higher energy
states which are not accessible in a cooled beam experiment. Both the cell and experimental

Conditions were similar to that described for the HF-dimer
2
. With the aid of the molecular

beam data we have identified numerous a-type R-branch transitions up to J=13 and K=8. A
combined analysis of the molecular beam spectrum and the present data requires inclusion of

several P6 terms in the Watson Hamiltonian in order to fit the higher K transitions.

A much stronger spectrum was observed in the region searched (, 70 - 125 GHz). This
has been analyzed and assigned to a reaction product of H2CO with HF, namely gauche-CH FOH
Both a- and b- type transitions are observed and occur as closely spaced doublets quiti

Similar to gauche-CH3CH2OH . Futher details of the measurements between 70 GHz and 125 GHz

and analyses for each species will be presented.

IF. A. Baiocchi and W. Klemperer, preprint 1983.

2
R. D. Suenram, F. J. Lovas, and W. J. Lafferty, previous talk this session.
3
R. Kakar and C. R. Quade. J. Chem. Phys., 72. 4300 (1980).

Address of Lovas and Suenram: Molecular Spectroscopy Division, National Bureau of Standards,
Washington, D.C. 20234.

KF4. 2.1)

MILLIMETER AND SUBMILLIMETER SPECTROSCOPY OF MOLECULAR IONS IN A
NEW MAGNETICALLY ENHANCED SOURCE*

GRANT M. PLUMMER, GEOFFREY A. BLAKE, WAYNE C. BOWMAN, ERIC HERBST,

AND FRANK C. DE LUCIA

A new method for the microwave absorption spectroscopy of mole-
cular ions has been developed. In this system an axial magnetic field
of -200 Gauss is used to lengthen the negative glow region of a dis-
charge to fill the length of an absorption cell. We find that ion
densities are enhanced by approximately two orders of magnitude. This
system has been used to observe in natural abundance H1

2
Cl8O+ (in real

time on an oscilloscope) and H1
2
C170+. In addition, the molecular

ions 14N
16
O+ and 

4
0ArD+ have been observed. The spectra of these two

species are one to two orders of magnitude weaker than that of the
"standard" molecular ions H1

2
C160+, HI

4
N2+, etc. 

36
ArD+ and 

3
BArD

+

have also been observed in natural abundance. Spectroscopic constants
and details of the experimental method will be given.

Work supported by NASA Grant NAGW-189.

Address of Plummer, Herbst, and De Lucia: Department of Physics, Duke
University, Durham, North Carolina 27706.
Address of Blake: Department of Chemistry, California Institute of
Technology, Pasadena, California 91125.
Address of Bowman: Bell Laboratories, Whippany, New Jersey 07981.
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5 . (2:38)

MICROWAVE SPECTROSCOPY OF WATER BETWEEN 500 GHz and 1000 GHz

JAMES K. MESSER, PAUL HELMINGER, AND FR NK C. DE LUCIA

A number of previously unreported rotational transitions in the
ground and first excited vibrational state of H20, HDO, and D20 be-
tween 500 GHz and 1000 GHz have been observed. The fundamental source
of radiation was a reflex klystron operating at about 50 GHz, which
was used to drive a crossed-waveguide harmonic generator. The new
transitiuns were combined with previously reported results, and fitted
to a centrifugal distortion Hamiltonian in order to obtain spectral
parameters.

Work supported by ARO Grant DAAG-29-80-C-0026 and NASA Grant NSG-7574.

Address of Messer and De Lucia: Department of Physics, Duke University,
Durham, North Carolina 27706.
Address of Helminger: Department of Physics, University of South
Alabama, Mobile, Alabama 36688.

MF6. (3:10)

EXCITATION MECHANISMS IN THE HCN FIR LASER

DAVID D. SKATRUD, GEOFFREY A. BLAKE, K.V.L.N. SASTRY, AND

FRANK C. DE LUCIA

A number of excitation mechanisms-avi been proposed to explain
the behavior and efficiency of the HCN FIR laser. We have used
millimeterwave spectroscopic techniques to probe this excitation.
The effects due to the addition of CO on the distribution of vibra-
tional excitation and laser efficiency have been studied. We have
also observed the concentration of proposed chemical precursors,
including the free radical CN. A spectroscopic study of 21 CN is
also reported. 65 new lines in the first 4 vibrational states have
been measured. A simultaneous non-linear least squares fit of these
data, along with those previously reported by Dixon and Woods

1
, has

been carried out.

Work supported by ARO Grant DAAG-29-80-C-0026 and NASA Grant NAGW-189.1
T.A. Dixon and R.C. Woods, J. Chem. Phys. 67, 3956-3964 (1977).

Address of Skatrud and De Lucia: Department of Physics, Duke University,
Durham, North Carolina 27706.
Address of Blake: Department of Chemistry, California Institute of
Technology, Pasadena, California 91125.
Address of Sastry: Department of Physics, University of New Brunswick,
Fredericton, New Brunswick, E3B 5A3.



F 7. (3:27)

ENERGY TRANSFER MECHANISMS AND TWO PHOTON EFFECTS IN 13CH 3F*

WILLIAM H. MATTESON, DAVID D. SKATRUD, AND FRANK C. DE LUCIA

Energy transfer mechanisms and collisional processes have been
studied in the 

1 3
CH3F optically pumped Far Infrared laser by means

of millimeterwave spectroscopy. A model based upon a master equation
approach is used to fit these experimental results in terms of energy
transfer probabilities. This model then is used to predict the per-
formance of an optically pumped laser as a function of pressure,
pump rate, and cavity parameters. We have also investigated two
photon processes in '

3
CH 3F. In these experiments an RF field is

applied in addition to the CO 2 pump and the millimeter diagnostic
probe.

Worked supported by the Army Research Office, Grant DAAG-29-80-C-0026.

Address of Matteson, Skatrud, and De Lucia: Department of Physics,
Duke University, Durham, North Carolina 27706.

Mi8. (3:4 )

TONE-BURST MODULATION COLOR CENTER LASER SPECTROSCOPY

CHRISTOPHER S. GUDEMAN, MARIANNE H. BEGEMANN, JURG.N PFAFF, AND RICHARD J. SAYKALLY

The technique of tone-burst modulation has been developed by Pickett' as a general scheme
for high sensitivity microwave absorption spectroscopy. This method has been used very success-
fully by Woods and co-workers

2 
for the detection and study of transient species in DC glow dis-

charges. We report in this paper the extension of the tone-burst technique to tunable infrared
laser absorption spectroscopy (2.2-3.3 um) using a color center laser and an extracavity LiTaO 3
phase modulator. The tone-burst consists of a -50 watt RF "tone" (100-400 MHz) which is ampli-
tude modulated at 100 kHz with a depth of 100%. and is applied to the phase modulator. The
infrared laser radiation which traverses the modulator crystal is then composed of the original
infrared carrier plus sidebands which are switched on and off at 100 kHz and are separated from
the carrier by the tone frequency. Simple lock-in signal processing at the 100 kHz burst rate
then provides high sensitivity.

By observing several R, P. and Q branch NO v - 0 -2 overtone transitions, a minimum detec-
table absorption of .05% has been determined. This is limited by power fluctuations resulting
from standing waves in the infrared path; thus the laser and detector noise limits have not yet
been reached, and further improvements in sensitivity are anticipated. We have also observed
several OH v - 0 .1 transitions in a DC glow discharge through H 0. The R(3/2) transitions at
3663.7 cm

-1 
were observed with S/N 1 100 under the following conitions: 500 mi6rr H 0, 30 mA/

cm discharge current density. 100 msec time constant, 40 sec scan, and 400 MHz tone frequency.
The linewidth is broader than thermal Doppler width due to unresolved hyperfine structure.

The adaptation of tone-burst modulation to tunable infrared absorption spectroscopy is a
simple but powerful technique, since it results in high sensitivity with conventional instru-
meutation (e.g., lock-in amplifiers).

IH. M. Pickett. Applied Optics, 19, 2745 (1980).

2C. S. Gudeman and R. C. Woods, Phys. Rev. Lett. 48. 1344 (1982).

* Supported by NSF Grant 0 CHE 8207307.

Address of Gudeman et al., Department of Chemistry, University of California, Berkeley CA 94720
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MF9. (3:54)

\ELOCITY MODULATED LASER ABSORPTION SPECTROSCOPY OF MOLECULAR IONS

CHRISTOPHER S. CUDEMAN, MARIANNE H. BEGEMANN, AND RICHARD J. SAYKALLY

Doppler shifts in the transition frequencies of molecular ions produced in DC glow dis-
charges were first reported by Woods and co-workers

1 
for pure rotational spectra in the 3 ma

region. These Doppler shifts were 10 times smaller than the pressure broadened linewidths and
were therefore too small to produce well-resolved red- and blue-shifted components, which could
provide velocity modulation of absorption signals for lock-in detection. Because pressure
broadening is usually negligible at infrared wavelengths, and high ion velocities (-drift
-random) can be realized in light gases such as H2 and He. velocity-modulated ion absorption
spectroscopy in audio frequency discharges w'th lock-in detection at the discharge frequency

becomes a straightforward and powerful technique for ion absorption spectroscopy when used in
conjunction with a narrow bandwidth tunable laser source. Absorptions due to neutral atoms and
molecules, which are much more abundant in these discnarges than charged species, are suppressed
by about a factor of 100. Furthermore, a first derivative line shape is characteristic of ion
signals. while a single Gaussian shape is observed for neutrals, providing unambiguous differ-
entiation between charged and neutral spectra.

In this paper we describe a velocity modulation absorption spectrometer which consists of
a commercial color center laser (Burleigh FCL-20), an I cm x I m liquid nitrogen cooled AC dis-
charge cell, an InSb photovoltaic detector, and a lock-in amplifier. Operating characteristics.
including sensitivity, lineshapes. and spectral and dynamical information obtained, will be
discussed. The extension of this method to absorption speitroscopy with visible dye lasers will
he described.

IR. C. Woods, T. A. Dixon, R. J. Saykallv. and P. G. Szanto, Phys. Rev. Lett. 35, 1269
(1975); C. S. Cudeman, N. 0. Piltch, and R. C. Woous, 37th Symposium on Molecular Spectroscopy,
Columbus, OH, June 1982, paper TB7.

* Supported by NSF Grant , CHE8207307.

Address of Gudeman et al., Department of Chemistry. University of California, Berkeley, CA 94720

MF ID. (4:09)

MEASUREMENT OF THE BAND IF Ht
+

CHRISTOPHER S. 0UDEMAN%%, '1,\RIANNE H. BEGEMANN, JURGEN PFAFF, AND RICHARD J. SAYKALLY

Using the technique of velocity modulated laser absorption spectroscopy and a color center
laser, the . fundamental band of HCO+ has been measured. This method involves modulating the
drift eloct y of the ion in an AC discharge (-2.5 kHz) and detecting the Doppler shifted
.,bsorptions with lock-in techniques. HCO+ was detected with a H /CO ratio of 10/1 and a total
pressure of -1 torr. A least squares fit of the 25 lines that wire observed yielded values for
1 (3088.727 cm-

1
), and for B", D", B' and D' that are in excellent agreement with results from

microwave spectroscopy.

* Supported by NSF Grant # CHE8207307

Address of Gudeman et al.. Department of Chemistry, University of California, Berkeley, CA 94720
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HIFL. (4:26)

MEASUREMENT OF THE v BAND OF NN+

MARIANNE H. BEGEMANN, CHRISTOPHER S. GUDENAN, JURGEN PFAFF, AND RICHARD J. SAYKALLY

The v fundamental band of HNN (v0 - 3233.954 cm
1
) has been detected uain* a color center

laser and ihe same modulation method that was used to measure the v band of HCO : velocity
modulation in an AC discharge. HNN was observed in the flowing AC discharge with a H IN ratio
of 10/1 and a total pressure of -1 tort. A total of 43 lines were measured and a leas susres
fit was used to determine the molecular constants v , B", 0", B' and D. The NNN+ spectrum
could also be observed in a NH3/H2 discharge where Yhe suppression of neutral lines using this
modulation technique is clearly demonstrated.

Supported by NSF Grant # CHE-8207307

Address of Begemann et al., Department of Chemistry, University of California, Berkeley, CA 94720

MF12. (4:43)

ULTRAVIOLET LASER INDUCED FLUORESCENCE SPECTROSCOPY OF MOLECULAR IONS IN A RADIOFREQUENCY ION
TRAP

CECILIA MARTER, JURGEN PFAFF, NEIL ROSENBAUM, AND RICHARD J. SAYKALLY

The application of laser induced fluorescence spectroscopy to measure electronic spectjs of
molecular ions confined in a radiofrequency ion tra was pioneered by Mahan and co-workers, who
used visible lasers to study LIP spectra of CH

+ , 
CO , N+, BrCt, N i hexafluorobenzene, and

1.3,5-trifluorobenzene cations. We have extended this iechnique into the ultraviolet (218-350
tim) through the use of a Nd-YAG-pumped dye laser system with nonlinear crystals permitting I
frequency doubling and mixing with the YAG-fundamental.

The 0.0 band of the A 2
+ 
- X 2

+ 
system of CO+ was observed at wavelengths near 219 tu.

These measurements were obscured by the presence of a continuous background fluorescence, that
varied approximately as the cube of the ultraviolet intensity. This as yet unidentified non-
linear background was minimized by operating at the lowgt laser powers that produced detectable
A-X fluorescence. The 1,3 band of the similar B2 it - EZI+ transition of N + was recorded near
330n. 2

The 0,0 and 1,0 hands of the A
2
E
+ 
- X2 12 systems of NCI and Cr + 

were recorded near
350 na and 330 um, respectively. Rotations? 2 

state-resolved radiative lifetimes were measured
for low-J states of each ion. No J-variation in the lifetimes is apparent. For MC1+,
- 3.2 ± .4 and for HNr

+ 
T - 3.9 ± .2, in reasonable agreement with measurements of unresolved

vibronic bands.

I F. Griemsn B. N. Mahan, A. O'Keefe, and J. S. Winn, Faraday Disc. 71, 191 (1961).

* Supported by NSF Grant # CHE 8207307.

Address of Martner etal., Department of Chemistry. University of California, Berkeley, CA 94720



54

MF13. (5:00)

Doppler Shift and Ion Mobility Measurements of ArH
+ 
in a He DC Glow Discharge by Diode Laser

Spectroscopy

Nathan N. Haese, Fu-Shih Pan, and Takeshi Oka

We have measured the drift velocity and the mobility of ArH
+ 

ions in a helium DC glow
discharge by observing the drift velocity induced Doppler effect frequency shifts of the
ions infrared absorption lines at 4 um.

1  
The shifts arq comparable to the line width,

,100 MHz, and correspond to a drift velocity of -4 x 104 an s- . From pressur-e tempera-
ture, and axial electric field measurements we obtain a reduced mobility of ArHd in He of
19 + 4 (2o) cm2/(V-s) which is in excellent agreement with the earlier mass spectroscopic
drift tube result of 19.2 + 1.6 cm

2
/(V-s).

2 
Preliminary tests of the ArH

+ 
v and J de-

pendence of the Doppler shift have been made.

1. J.W. Brault and S.P. Davis, Phys. Scrip. 25 268 (1982).

2. W. Lindinger and D.L. Albritton. J. Chem. Phys. 62 3517 (1975).

Address: Department of Chemistry. University of Chicago, Chicago, Illinois. 60637.

/
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MGI (1:30)

TWO LASER FRAGMENTATION STUDY OF BUTADIENE

A. M. Woodward, S. D. Colson, W. A. Chupka. and M. S. Seaver

Fragmentation of the 1.3-trans-Butadiene ion formed by two-photon resonant multiphoton
ionization has been investigated utilizing two separate tunable lasers. The butadiene ion
is formed by resonantly pumping the 0-0 transition of the 3s Rydberg state at 399.1 nn.
This forms the parent ion predominantly in the vibrationless ground state which can be ver-
ified by the photoelectron spectrum.

Fragmentation of the parent ion has been studied using a single laser as a function of
laser power and the kinetic energy release of the fragments has been measured by varying
the initial acceleration voltage.

A second laser at 495.00 me is used to photodissociate the pareft ion. The resulting
fragmentaion can be explained on the basis of the breakdown curves and the photoelectron
spectrum. A metastable peak is observed in the two laser mass spectrum at low dissociation
laser power which decreases in intensity as the power is increased. By scanning the second
laser the absorption spectrum of the ion can be taken.

J. Dannocher,J. Flane, J. Stadelmann and J. Vogt. Chem. Phys. 51(1980)189. 2K.
Kimura- S. Katssmata, Y. Achiba. T. Yamazaki and S. lasta. Handbook of Bel Photoelec-

tron Spectra of Fundamental Organic Molecules (Balsted Press, Now York.1981) p.
6 2

.

Adldress; Sterling Chemistry Laboratory, Yale University, New Haven, CT., 06511

MG2. (1:47)

PREPARATION AND PIIOTODISSOCIATION OF CDIl BY IULTIPOTON PROCESSES

A. M. Woodward, S. D. Colson, W. A. Chupka, and H. S. Seaver

Too-photon resonant multiphoton ionization has been used to prepare rotationally co-

oled and selected CHI+ ions with controlled vibrational and electronic distributions.

These ions are photodissociated by s second laser. The highly simplified photodissociation

spectrum displays a clear dissociation threshold as well as bands hidden in earlier spec-

tra. The data suggest corrections to previously determined vibrational constants.

The electronic transition studied corresponds to excitation of a nonbonding SpR elec-

tron to a 6s molecular Rydberg orbital on an ion core of the ground configuration. The

hare ion core in this configuration has ani/s and s/s states which are separated by about

$000 am by strong spin orbit coupling. Time-of-flight photoelectron spectroscopy has

been used to study the branching ratio of the channels to X1/3 and nss ionization.

Address: Sterling Chemistry Laboratory, Yale University, New Haven, CT., 06511

q.



(2:04)

RESONANT MULTIP'OTON IONIZATION AND ELECTRON IMPACT SPECTROSCOPIC INVESTIGATIONS OF DIENES

A. SABLJIC, R. MCDIARMID, AND J. P. DOERING

A combination of the data obtained by resonant multiphoton ionization and electron impact
spectroscopies has been exploited to enable Rydberg and valence transitions to be
experimentally distinguished and to permit optically forbidden transitions to be located. The
technique was verified on 2,3-dimethylbutadiene, whose transitions could be characterized by
electron impact results alone, and then applied to seven internally and externally methyl
substituted dienes in both the s-cis and s-trans configurations. It was possible to locate
the NV2 (Ag) transition in 6 of the studied molecules. The effect of symmetry and methyl
substitution on the valence and Rydberg transitions of these die.les will be discussed.

Address of Sabljie and MeDiarmid: National Institutes of Health, Bethesda, Maryland 20205
Address of Doering: Department of Chemistry, The Johns Hopkins University, Baltimore,
Maryland 21218.

NG4. (2:21)

ELECTRONIC SPECTRA OF CONCENTRATED SOLUTIONS

LEIGH B. CLARK

Light reflected at the boundary between a transparent window and an absorbing liquid
solution is related to the complex index of refraction of the solution which is derived from
the absorption spectrum of the solution. Since the solution absorption spectrm is (for the
most part) a superposition of the absorption spectra of both the solute and the solvent,
information about the individu;

, 
component absorption spectra is contained in the reflection

spectrum obtained from such a rounlary. In particular for very concentrated solutions,
concentrated solutions in the region of solvent absorption and for other optically dense
systems such reflection spectra would seeM L he a useful probe.

Preliminary data for light reflected -am inctrfa'es between either quartz or LiF and
concentrated solutions of several hydrocarb,ns dissolved in various solvents will be presented
for the visible. UV and vacuum UV regions and for transparent and absorbing solvents.

Address of Clark: Department of Chemistry, B-014, University of California-San Diego.
La Jolla, California 92093.

POLARIZED ELECTRONIC SPECTRA OF PYRIMIDINES

JOEL NOVROS, FRANK ZALOUDEK, AND LEIGH B. CLARK

Polarized reflection spectra from single crystals of cytosine monohydrate, 1-methyl-
thymine, thymine anhydrate and 1-methyluracil have been measured in the range 350-135 n.
Absorption spectra obtained by Kramers-Kronig analysis give evidence for the transition moment
directions of the first four or five strong electronic transitions of these systems.

Address of Novros: The Johns Hopkins University, Baltimore, Maryland.
Address of Zaloudek: The Charles University, Prague, Czechoslovakia.
Address of Clark: Chemistry Department, 1-014, University of California-San Diego,
La Jolla, California 92093
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11G6. (2:40)

TIME-RESOLVED FLUORESCENCE DEPOLARIZATION IN THE DECAY OF INTERMEDIATE

CASE MOLECULES. ZERO-FIELD LEVEL CROSSING OF THE MOLECULAR EIGENSTATES
1Bj *

OF I3 PYRAZINE

Y. MATSUMOTO, L. H. SPANGLER, AND D. W. PRATT

Pyrazine (l,4-diazabenzene) has been expanded in a seeded super-
sonic jet of helium and its laser induced fluorescence spectrum

recorded following pulsed (and doubled) dye laser excitation to the
first excited 'singlet' state. Under these conditions, the decay
of the fluorescence is biexponential in character, as expected for
an 'intermediate-case' molecule. Studies of this decay with simul-
taneous analysis of the polarization of the emitted light, under
'single' rotational level excitation conditions, show that the emis-
sion is depolarized nonexponentially in time. This behavior is attri-
buted to dephasing processes by which the initial, non-stationary state
evolves into a group of phase incoherent molecular eigenstates, and
thus its observation constitutes proof of the coherent nature of the
excitation process.

Work supported by the National Science Foundation.

Address of Matsumotot lerand Pratt: Department of Chemistry,
University of Pittsburgh, Pittsburgh, PA 15260.

MG7. (3: 10)

ON THE ORIGIN OF THE ROTATIONAL STATE DEPENDENCE OF THE DECAY OF 113

PYRAZINE. ANGULAR MOMENTUM SELECTION RULES IN INTERSYSTEM CROSSING

Y. MATSUMOTO, L. H. SPANGLER, AND D. W. PRATT

1B Pyrazine, as noted above, exhibits a fluorescence decay

which i ublexponential in character. Studies of this decay under
.ollisio -free conditions reveal a strong rotational state dependence
of thi A /A ratio, as first reported two years ago at this confer-
ence. We now describe further experiments which show that, unier
nanosecond excitation conditions, A /A- scales as 2J' + 1 but i and
T are J' independent. By considering the spin-orbit properties of
triplet pyrazine in the condensed phase, and transforming the problem
into the gas phase, we then demonstrate that this behavior is to be
expected whenever J (the total angular momentum quantum number), but
not P (the projection of J on the top axis), is conserved in the
intersystem crossing process. Some possible origins of the breakdown
in the AP - 0 selection rule will be discussed.

IWork supported by the National Science Foundation.

2G. ter Horst, J. Komandeur, and D. W. Pratt, 36th Symposium

on Molecular Spectroscopy, June, 1981, Paper FBIO.

Address of Matsumoto. Spangler, and Pratt: Department of Chemistry,

University of Pittsburgh, Pittsburgh, PA 15260.
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KC.8. (3:27)

MAGNETIC FIELD EFFECTS ON THE DECAY OF IB3u PYRAZINE IN A SUPERSONIC

JET

L. H. SPANGLER. Y. MATSLMOTO, AND D. W. PRATT

In this work, we will show that the decay of 'single' rotational

levels of the first excited 'singlet' state of pyrazine can also be
influenced by small magnetic fields, thereby demonstrating that the
coupled state is triplet in character. Under nanosecond excitation
conditons. we find that neither i nor t are field dependent, but
that A /A increases in a sigmoidal fashion with the field, reaching
a plateau at H 1 100 G for all J' from 1-7. However, the decay of
the J' = 0 level shows no magnetic field dependence. This result,
together with the results of similar studies of isotopically labeled
pyrazines, suggests that the levels which are mixed by the field are
the fine-structure components of the triplet state, which results in
a breakdown of the AJ - 0 selection rule for intersystem crossing.
The possible reasons for this behavior at such low fields will be
discussed.

Work supported by the National Science Foundation.

Address of Spangler! Matsuoto,_ and_ Pratt: Department of Chemistry,
University of Pittsburgh, Pittsburgh, PA 15260

MG 9. (3:44)

LASER INDUCED FLUORESCENCE EXCITATION SPECTRA OF I-FLUORO, 1-CHLORO,

AND I-BROMONAPHTHALENE IN A SUPERSONIC JET I

M. V. RAMAKRISHNA AND D. W. PRATT

The I-halonaphthalenes have played a central role in the develop-
ment of our understanding of the role of spin-orbit coupling in photo-
physical processes [eg., Intersystem crossing (ISC)] in the condensed
phase. In this work, we examine the interesting possibility that more
detailed Information about the dynamics of such processes can be ob-
tained from experiments on the isolated molecule. Toward this end, we
have obtained vibronically resolved laser induced fluorescence excita-
tion spectra of l-fluoronaphthalene (IFN), l-chloronaphthalene (ICN),
and l-bromonaphthalene (IBN) in seeded supersonic jets of helium, and
compared jhj results with those of similar experiments on the parent
molecule. ' Preliminary assignments of these rather complex spectra
will be given, and further experiments designed to uncover possible
mode specificities in the ISC process will be described.

1
Work supported by The National Science Foundation.
2S. M. Beck, D. E. Powers, J. B. Hopkins, and R. E. Smalley,
J. Chem. Phys. 73, 2019 (1980).

3
F. M. Behlen and S. A. Rice, J. Chem. Phys. 75, 5672 (1981).

Address of Ramakrishna and Pratt: Department of Chemistry, University
of Pittsburgh, Pittsburgh, PA 15260.

a.



59

IIGIO. (4:01)

OPTICALLY DETECTED MAGNETIC RESONANCE STUDIES OF TRIPLET CYCLOPENTANONE

AND SOME OF ITS ISOTOPICALLY LABELED DERIVATIVES I

W. BRYAN LYNCH AND D. W. PRATT

For some time the triplet state of cyclopentanone has been known
to exhibit three optically detected magnetic resonance (ODMR) spectra

(triads) as opposed to the usual one. One possible explanation given

for the origin of the triads is interconversion between electronic 2
configurations, either thermally or quantum mechanically activated.
The most intelse triad displays 'bizarre' kinetics at liquid nitrogen
temperatures. Phosphorescence, ODMR, PMDR, and MIDP studies of cyclo-
pentanone and some deuterated derivatives in various media have been
undertaken in our laboratory. We have found very little shift in ODMR
line frequency when cyclopentanone is doped into a hydrccarbon glass
matrix. Upon deuteration, the ODMR lines do shift, with the extent of
shift depending upon the triad. Time resolved spectra indicate vast
differences in the lifetimes of different triads. These findings will
be used to build a model which can account for the origin of the triads.

iWork supported by The National Science Foundation.
2
A. L. Shain and M. Sharnoff, Chem. Phys. Lett. 22, 56 (1973).

3
A. L. Shain and M. Sharnoff, Chem. Phys. Lett. 16, 503 (1972).

Address ofLynch and Pratt: Department of Chemistry, University of

Pittsburgh, Pittsburgh, PA 15260.

MCII.

Electronic Excited State Properties of Several Small Ring Compounds

D. D. Altenloh, L. Lin, L, Ashworth and B. R. Russell

Electric field studies have been made to determine certain electronic excited state
properties of several small ring compounds. These properties include excited state dipole
moment, excited state mean polarizability and direction of the transition moment. The
electric field method utilizes intense externally applied electric fields -o effect
changes in the absorption profile due to orientation of polar gaseous compounds. The
resulting electric field data permits determination of the properties indicated. The studies
have concentrated on the lower energy Rydberg absorptions to help characterize these states
in comparison to *he higher energy intravalent transitions. In addition, differences in
these excited state properties are noted for the s, p, and d Rydberg transitions.

Address: Department of Chemistry, North Texas State University, Denton, Texas, 76203

I
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W(; 12. , 35)

TWO-PHOTON [XCITATION SPECTRUM OF PERYLENI*

Y.C. CHUNG, I. SUZUKA AND G. E. LEROI

The two-photon excitation technique iF heiu; applied to fluorescent. centrosymletric

polycyclic hydrocarbons and neteronuclear aromatics. We report here TPE spectra of

perylene (C20H12. , eri-dinaphthalenej, whic? has !)'h s-'itetry. Both Ag and Bg excited

electronic states - which are "hidden" in thu norvd i;.-*jrption spectrum - are revealed

in the 250-400 nm region when 10"4 M solutio.ns cf po,-Jenr in n-octane are irradiated

by near infrared light from a tunable ,Nd:VAG-pua:pe, d.e Ia.ier. Assignments are based

on the relative intensity of the two-photor. ',: 31itLcence under linear and

circular polarization of the laser sourr' 7be exntri.,n.'taly-determined excited state

energies will be compared with published t:eosatic." IK:1f calculations.

Research supported in part by the U. 3. Yationzi o -l.::ce Foundation.

1
Y. Tanizaki, T. Yoshinaga and Hl. Hiratsuk,, S.e€.tr:: .,. ta 34A. 205 (1978).

Address of Chung and Leroi: Department -," l.eLc:r,, ",i,:'igan State University,
East Lans'ng, '1 Ml,)2J

Address of Suzuka: College of Engineering. N4h' .v Un:.c r~ity, Koriyama,
Fukushima-ken 96., J:i,:ani

:IC 13. (4:5 )

PHOTO-THERMAL SPECTROSCOPY OF BENZENE AND PYRIDINE FILMS SUPPORTED ON METAL SURFACES.

P. GERAGHTY, M. WIXOM, A. H. FRANCIS

The electronic absorption spectra of physisorbed and chemisorbed pyridine and benzene on
metal surfaces have been recorded at temperatures between 8 K and 300 K using a novel photo-
thermal spectroscopy. The photo-calorimetric nature of the experiment makes possible the
quantitation of absorption cross-section and the determination of surface coverage. The
experimental method permits an improvement in signal recovery from noise over other techniques
used in the electronic spectroscopy of surfaces and may also be employed to obtain the vibra-
tional spectra of surface adsorbates at monolayer coverage. Additional advantages and some
disadvantages of the method relative to other techniques for surface spectroscopy will be
discussed.

The spectra of pyridine and benzene have been obtained on evaporated films of aluminum,
silver, gold and nickel. The results may be interpreted in terms of surface structure, re-
organizatlon of the surface film, chemlsorptlon and physisorptlon.

Address of Geraghty Wlxom and Francis: Department of Chemistry, University of Michigan
Ann Arbor, Michigan 48109.
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HI. (1:30)

FAR-INFRARED AND RESONANCE RAMAN SPECTRA OF POLYHALIDES

E. M. NOUR, L.-H. CHEN, AND J. LAANE

The far-infrared and Raman spectra of various polyhalide ions in-

cluding MI 3
-
, M+I2Br

, 
M+Br 3 , M+I5 , M+I4Br

-
, M+I7 , and M+I 9  for M+=Cs

+ ,

(CH3)4N
+
, (C2Hs)4 N+, etc. have been recorded and analyzed. The fundamental

vibrational frequencies for each of the ions are below 210 cm a. The fre-

quency patterns allow classification of the various ions according to struc-

tural units. For example, 15 ions may be (13")(12) and I- may be (15-)(212).

Address of Authors: Department of Chemistry, Texas A&M University, College
Station, Texas 77843.

Present Address of Nour: Department of Chemistry, Zagazig University, Zagazig,
Egypt.

1412. ) 12. 1:47)

THE FAR-INFRARED TORSIONAL SPECTRUM OF METHYL SILANE

H. JAGANNATH, M. WONG* AND I. OZIER
t

The torsional transitions in symmetric tops with internal rotation are known to be weak
and are allowed only through vibration-torsion-rotation interactions. The torsional spectrum
is here reported of ethyl silane taken with Fourier transform spectroscopy in the region
150-380 cm I at a resolution of 0.15 cm

1
. Densities ranged from 0.36 to 0.96 amagats with a

path length of 12.4 m; the sample was at room temperature. Several torsion-rotation bands
from torsional levels with v = 0, 1, and 2 have been observed. Work is underway to analyse the
present data along with the microwave frequencies and molecular beam splittings available to
obtain the torsion-rotation constants and the parameters characterizing the transition dipole
operator. Preliminary results will be reported.

* Current Address: Canada Centre for Remote Sensing, Ottawa KIA OY7, Canada.

t On leave (1982-83) at the Herzberg Institute of Astrophysics, National Research Council,
Ottawa KIA OR6, Canada.

Address of Jagannath, Wong, and Ozier: Department of Physics, University of British Columbia,
Vancouver V6T 2A6, Canada.
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IMH3 (1:5

VIBRATIONAL ANALYSIS AND NORMAL COORDINATE CALCULATIONS OF SO4E ALKYL THIOCYANATES AND
ISOTHIOCYANATES

N. L. HEUSEL, J. R. DURIG, J. F. SULLIVAN, AND S. CRADOCK

The infrared and Raman spectra of CHjNCS, CH3 SCN, CH3 CH2 NCS and CH3CH2 SCN, as well as
CDNCS and CD3 CD2 NCS, have been recorded for all three phases. The vibrational spectrum of
methylisothiocyanate has been interpreted in terms of a "pseudo" symmetric top molecule and
assigned according to C3V symmetry, whereas the methyl torsion for methylthiocyanate, assigned
according to C. symmetry, has been observed and the barrier has been calculated.

The vibrational spectra of the ethylthiocyanate and ethylisothiocyanate molecules, which
can exist as a mixture of conformers, have been assigned; however, only the vibrational spectrum
of the CH3CHZSCN molecule shows evidence of a second conformer. A variable temperature study
of the Raman spectrum of liquid CH3CH2SCN has been carried out in the region of the C-S-C sym-
metric stretch, and the AH has been obtained.

Normal coordinate calculations have been carried out on all of these molecules. The force
fields will be compared among these compounds, as well as among other thiocyanate molecules.

Address of Heusel, Duri& and Sullivan: Department of Chemistry, University of South Carolina,

Coiumbia, South Carolina, 29208.
Address of Cradock: Department of Chemistry, University of Edinburgh, West Mains Road,

E19 3JJ - Edinburgh, Scotland.

MIH4. (2:15)

CONFORMATIONAL BARRIERS TO INTERNAL ROTATION OF 3-FLUOROPROPENE BY FT-IR SPECTROSCOPY

T. S. LITTLE, J. R. DURIG, AND MENGZHANG ZHEN

The hindered internal rotation motion in the 3-fluoropropene molecule has been investigated
through a study of the far infrared spectrum of the gas at ambient temperature using FT-IR spec-
troscopy. The asymmetric torsion for the cis conformer was observed at 164.6 cm-

1 
with four

accompanying hot bands, and the corresponding torsion of the gauche conformer was observed at
108.4 cm-

1 
with three additional hot bands. From these data the potential function for internal

rotation of the asymmetric top has been determined and the following potential constants have
been evaluated: V2 = 403 ± 27, V 3 = 815 ± 6, V4 = 42 t 8, and V6 = -36 ± 3 cm-

2
. From these

data it has been determined that the cis conformer is the predominant form at ambient tempera-
ture and the enthalpy difference between the cis and gauche conformers is 126 cm-I (360
cal/mol). The calculated cis-gauche barrier is 1156 cm-1 (3.31 kcal/mol) and the gauche-gauche
and gauche-cis barriers are 496 cm-1 (1.42 kcal/mol) and 839 cm-' (2.40 kcal/mol), respectively.
These data will be discussed in relation to the corresponding information for several other
similar molecules.

Address: Department of Chemistry, University of South Carolina, Columbia, South Carolina, 29208.
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M15. (2: 31)

ROTATIONAL AND VIBRATIONAL SPECTRUM OF TRANS-I-FLUORO-2-BUTENE

T. S. LITTLE, J. R. DURIG, AND HENGZHANG ZHEN

The microwave spectrum of trans-l-fluoro-2-butene has been recorded from 18.0 to 39.0 GHz.

The R-branch assignments of the ground and first two excited states of the observed a-type
spectrum have been made. The ground state rotational constants are: A = 18943 ± 317, B =
2071.34 t 0.04 and C = 2022.11 ± 0.04 M1Hz. It is shown that these rotational constants are
consistent with a gauche orientation of the CH2 F moiety. Additionally, several lines observed
in the microwave spectrum could not be assigned to the gauche rotamer but, on the basis of an
investigation of the infrared and Raman spectra, they have been assigned to the cis conformer.
An investigation of the far infrared spectrum of trans-l-fluoro-2-butene has allowed the assign-
ment of the asymmetric torsional mode of the cis rotamer to a series of Q-branches beginning at
123.9 cm-

1
. These results will be compared to the corresponding quantities in similar

molecules.

Address: Department of Chemistry, University of South Carolina, Columbia, South Carolina, 29208.

Mli6. (2:48)

THE VIBRATIONAL SPECTRUM AND STRUCTURE OF HEXAFLUOROACETONE

D.A.C. COMPTON, J.D. GODDARD, S.C. HSI, W.F. MURPHY AND D.M. RAYNER

The vibrational spectrum of gaseous hexafluoroacetone has been
reexamined. The use of current Raman techniques allows the accurate
observation of intensity and polarization properties of bands in the spectrum
in order to identify them with molecular symmetry species. As found
previously, the characteristics of the spectrum are consistent with a Cv

molecular symetry, in contradiction with the C 2 structure found by elec ron
diffraction.1

To investigate this discrepancy, a 3-21G SCF ab Initio calculation was
carried out to estimate the structure and the vibrational force field. The ab
initio structure was found to be C 2 , in agreement with the electron
diffraction result. The ab initio force field, weighted in the accepted
manner, predicts vibrational frequencies which are readily identifiable with

the observed spectrum. Further, it is found that, to a great extent, the
symmetry coordinates which combine to make up a given normal mode all
correlate with the same symmetry species under C2v. Using this fact we can
understand how the observed spectrum may be interpreted on the basis of C2v
symmetry when the actual molecular symmetry is C 2.

1C.V. Berney, Spectrochim. Acta 21, 1809 (1965); F.A. Miller and F.E. Kiviat,

Spectrochim. Acta 25A 1577 (1969T:
R.L. Hilderbrandt,7L. Andreassen and S.H. Bauer, J. Phys. Chem. 74 1586
(1970).

This work was carried out at: Division of Chemistry, National Research
Council of Canada, 100 Sussex Drive, Ottawa, Canada K1A OR6

Present address of Compton: The Standard Oil Company (Ohio), Research and
Development Department, Cleveland, Ohio 44128

Present address of Hsi: Institute o' Applied Chemistry, Chinese Academy of
Sciences, Chanchun, China

Present address of Goddard: Department of Chemistry, University of Guelph,
Guelph, Ontario, Canada NlG 2W1
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MH7.

Theoretical Study of the Conformational Properties and Torsional Potential

Functions of Methacryloyl Fluoride

B. Laskowski, R. Jaffe, and A. Komornicki

The suitability of ab initio Self Consistent Field (SCF) molecular orbital
and gradient methods for determining the conformational energies and torsional
potentials of organic molecules such as methacryloyl fluoride (CH2=C(CH 3)COF)
is demonstrated.

Often the barrier heights to internal rotations are not measured directly
by experiment, but determined by extrapolation. However, theory allows for a
direct determination.

The two experimental studies
I
1

2 
for methacryloyl fluoride, regarding the

rotational barriers for the COF and CH3 groups are evaluated in light of the
theoretical study. In addition a normal mode analysis is made which
complements the Infrared and Raman experiment of Durig and coworkers.

The calculations suggest that to obtain reasonable barrier heights for
larger molecules it would be sufficient to use the 4-31 G basis set, to
optimize, using the SCF gradient method, The geometries of the conformations
corresponding to local minima and between those, perform SCF calculations
following a path of geometrical positions obtained by interpolation.

Ij.R. Durig. P. A. Brletic and -. S. Church, J. Chem. Phys. 76, 1723 (1982)

2
L. A. Glebova, A. V. Abramenkov, L. N. Margolin, A. A. Zenkin, Yu A.
Pentin and V. I. Tyulin, Zh. Strukt. Khim. 20, 1030(1979)

Address of B. Laskowski: Analatom Incorporated, 253 Humboldt Court. Sunnyvale,
Ca. 94035.
Address of R. Jaffe: NASA, Ames Research Center, Moffett Field, Ca 94035.
Address of A. Komornicki: Polyatomics Research Institute, 1101 San Antonio
Road, Suite 420, Mountain View, Ca. 94043.

MH8. (3.27)

VIBRATIONAL SPECTRA AND CONFORMATIONS OF (CYANOMETHYL)CYCLOPROPANE AND DICYCLOPROPYLMETHANE

V.F. KALASINSKY, J.L. POOL, Y.Y. YEN, and C.J. WURREY

The infrared and Raman spectra of (cyanomethyl)cyclopropane and dicyclopropylmethane
have been studied. Each molecule exhibits a conformattonal equi2ibrium in the fluid states
while a single conformer exists in the crystalline solid state. Two sets of doublets exist
in the Raman spectrum of liquid (cyanomethyl)cyclopropane and the temperature dependence of
the line intensities is consistent with an energy difference of 0.70 t 0.10 kcal/mole with
the gauche conformer more stable than the cis. In dicyclopropylmethane, at least two con-
formers exist in the liquid state, and these have been identified as gauche-gauche conformers
exhibiting C2 and Cs molecular symetries. The former was determined to be 0.93 ± 0.10
kcal/mole more stable than the latter. Comparisons with similar molecules and a discussion
of the conformer equilibria will be given.

Address of Kalasinsky and Pool: Department of Chemistry, Mississippi State University,
Mississippi State, Mississippi 39762.
Address of Yeh: Department of Chemistry, University of Missouri, Kansas City, Missouri 64110
Address of Wurrey: Department of Chemistry, University of California - San Diego, La Jolla,
California 92037
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019. (3:42)

VIBRATIONAL SPECTRA AND CONFORMATIONS OF (IODOMETHYL)CYCLOPROPANE DERIVATIVES

V.F. KALASINSKY, Y.Y. YEH, and C.J. UIRREY

The infrared and Raman spectra of (iodomethyl)cyclopropane and epiiodohydrin have been
studied in the fluid and solid phases. (Iodomethyl)cyclopropane exists in a gauche conforma-
tion, and no evidence of a second conformer was found. Epiiodohydrin (iodomethyloxirane) has
been found to exist as at least two conformations in the liquid state. The gauche-I and
gauche-2 conformations are separated by 0.50 t 0.10 kcal/mole with the former being the more
stable. In the solid state, the Raman spectrum exhibits bands for the gauche-I conformer, but
previously reported infrared spectra indicate that either form may exist in the solid state.
The conformational equilibria in this molecule and its relationship to the other epihalohydrins
will be discussed.

Address of Kalasinsky: Department of Chemistry, Mississippi State University, Mississippi
State, Mississippi 39762.
Address of Yeh: Department of Chemistry, University of Missouri, Kansas City, Missouri 64110

Address of Wurrey: Department of Chemistry, University of California - San Diego, La Jolla,
California 92037

MH10. (3:5!.)

VIBRATIONAL SPECTRA AND CONFORMATIONS OF 2-FLUOROETHYLAMINE

J.A. SMITH AND V.F. KALASINSKY

The infrared and Raman spectra of 2-fluoroethylamine have been recorded for the fluid and

solid phases and in solution. The temperature dependence of line intensities in the liquid

state and the differences between the spectra of the liquid and solid indicate that at least

two conformers exist in the liquid state. There is also evidence that the extent of hydrogen

bonding is different for the two conformers which have been identified. Moderately high reso-

lution infrared spectra of the vapor exhibit rather complicated rotational and hot-band struc-

tured as well as multiplets which are attributable to multiple conformations. The gauche-trans

and gauche-gauche conformers have tentatively been identified, and the structures will be

discussed in terms of the intra- and Intermolecular forces which are operative.

Address of Smith and Kalasinsky: Department of Chemistry, Mississippi State University,
Mississippi State, Mississippi 39762.

MH1I. (4:11)

EVIDENCE FOR ANHARMONIC SKELETAL DEFORMATIONS IN A SERIES OF BICYCLO[2.2.1]HEPTANES AND BICYCLO
(3.2.1]OCTANES

H. WIESER, N. IBRAHIM, T.L. SMITHSON, AND P. J. KRUEGER

The far-infrared spectra in the region of 50-400 cm-
1 

are reported for several oxygen, car-

bonylI exocyclic methylene, and methyl substituted analogs of bicyclo[2.2.ljheptane and bicyclo
(3.2.1]octane in the vapor phase. All compounds exhibit one or more absorptions that show

characteristics Q-branch sequences. These are interpreted as arising from anharmonic deformations
of the bicyclic rings. The implications for the molecular structures and conformations are
discussed.

Address: Department of Chemistry, Univeristy of Calgary, Calgary, Alberta, Canada, T2N IN4
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4112. (4:28)

FT-FAR INFRARED VAPOR PHASE SPECTRA AND INVERSION BARRIERS OF A SERIES OF CYCLOHEXANE AND CYCLO-
HEXENE DERIVATIVES

H. WIESER, N. IBRAHIM, T. L. SMITHSON, AND P. J. KRUEGER

The far-infrared spectra in the region of 50-450 cm
-
' have been recorded for a large variety

of cyclohexane and cyclohexene derivatives in the vapor phase. The spectra exhibit one or more
typical sequences of Q branches characteristic of low energy anharmonic skeletal deformations.
From the positions of the appropriate sequences, barriers to planarity are estimated, and in some
cases where no structural information is available from other sources the likely form of the most
stable conformation is suggested. Molecules used to demonstrate the work include 3,6-dihydro-2H-
pyran, 3,6-dihydro-2H-thiopyran, 3-methylene and 4-methylene cyclohexene, 3-cyclohexen-l-one,
cyclohexanone, tetrahydro-4H-pyran-4-one, tetrahydro-4H-pyran-2-one, and 1,3-dioxan-5-one.

Address: Department of Chemistry, University of Calgary, Calgary, Alberta, Canada, T2N IN4.

13. (4:45)

A COMPARISON OF APPROACHES FOR SOLUTIONS TO THE COUPLED TWO-DIMENSIONAL ANHARMONIC OSCILLATOR

T. L. SMITHSON, N. WIESER, R. PAUL. AND F. W. BIRSS

Experience indicates that the bend/twist skeletal deformations of a number of 5- and 6-
membered rin conmounds should be described in terms of a coupled two-dimensional anharmonic os- I
cillator (1). In the past, two slightly different variational approaches have been used to ob-
tain the required solution, one using as basis thc two-dimensional isotropic harmonic oscillator
functions (2,4), the other the direct product formed from the one-dimensional anharmnic oscillator
functions (3,4). We have explored alternative methods for obtaining the solutions, namely one
using the Rayleigh-Schrodinger perturbation theory with Padi approximants. and one SCF- like
modification of the variational product basis set approach. The abilities of all the methods for
solving the Hamiltonian are compared for a number of molecular systems. Some of the problems
associated with the methods are discussed in the context of highly coupled vibrations.

(1) L. A. Carreira, R. C. Lord, and T. B. Malloy, Jr., in "Topics in Current Chemistry",
vol. 82, Springer-Verlag (1979).

(2) L. A. Carreira, I. M. Mills, and W. B. Person, J. Chem. Phys. 56, 1444 (1972).
(3) T. Ikeda and R. C. Lord, J. Chem. Phys. 56, 4450 (1972).
(4) L. E. Bauman, P. M. Killough, J. M. Cooke, J. R. Villarreal, and J. Laane, J. Phys. Chem.

86, 2000 (1982).

Address of Smithson, Wieser and Paul: Department of Chemistry, University of Calgary, Calgary,
Alberta, CanadaT2N 1N4.

Address of Birss: Department of Chemistry, University of Alberta, Edmonton, Alberta, Canada,
T6G 2G2.
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(e~ 30)
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HETERODYNE FREQUENCY MEASUREMENTS FOR INFRARED CALIBRATION TABLES; CO, N20, OCS, ETC.*

C. R. POLLOCK, F. P. PETERSEN, b. A. JENNINGS, J. S. WELLS, AND A. G. MAKI

By using a color center laser or a tunable diode laser, we have made accurate frequency

measurements on the 2-0 band of CO. the 0002-0000, 2001-0000 and 120l-O000 bands of N20, and

many bands of OCS. All measurements have been made by locking the laser to the absorption
maximum of the line to be measured and then measuring the frequency difference between the

tunable laser and appropriate harmonics or combinations if one or two CO2 lasers. In some

cases the tunable laser frequency was measured against a CO laser which was in turn measured
against combinations of two CO2 laser frequencies.

In keeping with infrared calibration tradition, the 2-0 absorption band of CO has been

measured with the greatest accuracy. Saturated absorption measurements with a line-width of

about 3 MHz have made it possible to measure the CO absorption frequencies with an absolute

accuracy of about 100 kHz (0.000004 cm'l). The importance of the pressure shift of the

absorption frequencies will be discussed. An atlas of accurate OCS absorption frequencies
will also be described.

*This work was supported in part by the 'ASA Upper Atmosphere Research Office.

Address of Pollock: School of Electrical Engineering, Phillips Hall, Cornell University,
Ithaca, New York 14853.
Address of Petersen. Jennings, and Wells: Time and Frequency Division, National
Bureau of Standids ulder, Colorado 80303.
Address of Maki: Molecular Spectroscopy Division, National Bureau of Standards,
Iashington, D. C. 20234

TA2.

HIGH RESOLUTION INFRARED SPECTRA OF HIGH TEMPERATURE DIATOMICS

A. G. MAKI AND F. J. LOVAS

A tunable diode laser has been used to measure the spectra of a number of molecules

that are difficult to observe in the gas phase at room temperature. Measurements have been

made on KF, LiF, SnO, PbS, and other species that absorb between 828 cm
-
I and 880 cm

- .

Temperatures between 1000 K and 1425K were used. Either Lv=l or Lv=2 transitions were

observed, depending on the match between the molecular vibrational frequency and the

available diode laser element. The spectra were fit directly to a Dunham potential function

by means of a non-linear least-squares program. A single potential function with a mass

dependent Be and -e has been used to fit the spectra for several isotopic species.

Address of Maki and Lovas: Molecular Spectroscopy Division, National Bureau of Standards,

Washington, D.C. 20234.

TA3. 
(9:u9)

DIFFERENCE FREQUENCY LASER SPECTROSCOPY OF OD AND OH: SIMULTANEOUS FIT OF THE INFRARED AND
MICROWAVE LINES

T. AMANO

The infrared fundamental band (v= 1- 0) of OD has been observed with a tunable difference
frequency laser. The corresponding band of OH has also been observed with higher accuracy than
in a previous emission measurement.

1 
Simultaneous fits of the infrared and microwave data are

made to obtain improved molecular constants. The band origin and the rotational constants are
(in cm'-):

B00B

O 2632.06118(28) 9.877664(38) 9.602134(28)
OH 3569.6348(30) 18.53053(12) 17.81987(12)

1
J.P. Maillard et al., J. Mol. Spectrosc. 63, 120 (1976).
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TA4. (9.21)

EXPERIMENTAL nETERMINATION TO LARGE INTERNUCLEAR SEPARATION
OF THE 'T STATE ELECTRIC DIPOLE MOMENT FUNCTION OF CO

C. CRACKERIAN, JR., R. FARRENQ, C. GUELACHVILI, C. ROSSETTI, AND W. URBAN

We have experimentally determined the EOMF of CO's ground electronic state to

about the classical turning points of the V=40th level. The Pade' approximant
representation of the EDMF is determined via a non-linear least-squares fit
which combines numerically obtained vibrational wavefunctions and experi-

mentally detfbmiged vibjitignal band intensities for whicht = 1, 2. 3 and
40 for both C 0 and C 0. The experimental intensities were obtained
from plasma emission spectra by considering pairs of vibrational transitions
from common upper vibrational states and assuming a well defined rotational

temperature. These results should be useful in the interpretation of solar
infrared spectra.

Address of C. Chackerian: NASA Ames Research Center, Astrophysical
Experiments Branch, Moffett Field, CA 94035.

Address of Farreng, Guelachvili, and Rossetti, Laboratoire d'lnfrarouge,

-14.!,, it i Pari -Sud. Camous d'Orsav, 91405 Orsav. France.

Address of W. Urban: Institut fur Anqewandte Physik der Universitat Ronn,

Wegel str. 8, 0-5300 Bonn 1, W. Germany.

TA5. (9:3&)

FAR-INFRARED LASER MAGNETIC RESONANCE SPECTROSCOPY OF THE PD( 3 Z
-
) RADICAL

N. OHASHI, K. KAWAGUCHI, AND E. HIROTA

In this work we report the results on the pure rotational spectra of the PD( 3
-
) radical

obtained by using far-infrared laser magnetic resonance (FIR LMR) spectroscopy.

The FIR LMR spectrometer used in the present work has recently been constructed at the

Institute for Molecular Science. The design of the FIR laser is similar to that described

by Evenson.I

The PD radical was generated by passing microwave discharged D20 or D2 gas over red

phosphorus powder at 200 mT pressure.

The FIR I.MR spectra of PD were recorded with the laser lines of 570pm, 380um, 287um,

232um, 191um and 164um for the v - 0 state, and 392um for the v - I state. The doublet hyper-

fine splittings due to the P nucleus were well resolved in all the observed spectra. The

triplet hyperfine splitting due to the D nucleus was observed only for N,3 - 3,2 -2,1

transition. Combining the present FIR LMR data with the IR UKR data obtained by Uehara and

Hakuta , the molecular constants of the PD( 3
-
) radical were refined, for example, B"-4.362877

(16)cm
-1

, A"-
2
.20829(74)cm

- 1
, B'-4.269241(59)cm

- 1 
and V-2.2090(l4)cm

- 1 .

We also observed the pure rotational spectra of the PO2 and PO radicals in the reaction

of microwave discharged D20 and red phosphorus. We report briefly their spectra and the

reaction mechanism for generating these radicals.

IK. M. Evenson, Faraday Discuss., Chem. Soc. 71, 7 (1981).
2
N. Uehara and K. Hakuta, 3. Chem. Phys. 74, 4326 (1981).

Address nf Ohashi: Department of Physics, Fa, ulty of Science, Kanazawa University,

Kanazawa 920, Japan

Address of Kawstauchl and Hirota: Institute for Molecular Science, Okazaki 444, Japan
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TA6. 
(10:05)

OBSERVATION OF INFRARED SiH in a Sill4 PLASMA

P. CHOLLET, G. GUELACHVILI, M. MORILLON and
P. GRESSIER, G. de ROSNY, J. SCHMITT

A preliminary experiment of high resolution absorption and emission spectroscopy of a
silane plasma in the 1800-2300 cm-I range has been previously reported I . The detection of
the 1-0 band of the free radical SiH, at 2000 cm

-I 
was then obtained with a poor signal-to-noise ratio. In order to increase the sensitivity of the detection a new experimental set-up

has been built. The SiH 4 plasma is observed in a 2.5 m long source containing a White-type
multi-reflexion system. The spectra are recorded with the Fourier transform interferometer
of Laboratoire d'Infrarouge, with a simultaneous control of the conditions of the excitation
of the plasma. Description of the experimental system, and preliminary results are given.

IJ.C. Knights, J.P.M. Schmitt, J. Perrin and G. Guelachvili, J. Chem. Phys., 76,
p.

34
14-3421 (1982).

Addressof Chollet, Guelachvili and Morillon : Laboratoire d'Infrarouge, Universitg de
Parie-Sud, Bitiment 350, 91405 Orsay Cdex, France.
Address of Greasierg, de Rosny and Schmitt : Equipe de Synth se des Couches Minces pour
M'nergstique, L.P.N.N.E., Ecole Polytechnique 91128 Palaiseau Cfdex, France.

TA7. 
(10:22)

DIPOLE MOMENT OF THE FO RADICAL

A.R.W. McKELLAR

It has long been a puzzle why the FO radical could not be detected by
means of microwave or gas phase electron resonance spectroscopy even after
extensive study of the related group VI-VII diatomics (CIO, BrO, SF, SeF, etc.)
The recent observation of a strong vibrational spectrum of FO using laser
magnetic resonance (LMR) demonstrated that production of the radical in the
gas phase was not especially difficult, and suggested that a small permanent
dipole moment might be responsible for the absence of rotational or EPR data.

By applying a moderate (-1 kV/cm) electric field while observing
saturated absorption signals in the LMR spectrum at 9.7 Am, it has now been
possible to measure the dipole moment. The values obtained are amazingly
small (e.g. 0.0026 D for vO0, J=1.5; 0.024 D for v=1, J=1.5) and they fully
explain the previous lack of success in observing spectra in the microwave

region.
1
A.R.W. McKellar, Can. J. Phys. 57, 2106-2113 (1979).

Address of McKellar: Herzberg Institute of Astrophysics, National Research

Council of Canada, Ottawa, Ontario KiA 0R6, Canada.

TA8. (10:39)

OBSERVATION OF THE v, BAND OF DO2 BY DIFFERENCE FREQUENCY SPECTROSCOPY

K. G. LUBIC AND T. AMANO

The Y, fundamental band of D02 was observed using a tunable Infra-red difference frequency
laser. 002 was generated by an a.c. discharge in 0300 and 02 at a total pressure of I torr in
a multipass, Zeeman-modulated cell. The rotational-vibrational lines, which occurred near
3.9 Um (2550 cm-'), were analyzed and molecular constants were determined by a least squares
fit.

Address Herzberg Institute of Astrophysics, National Research Council of Canada, Ottawa,
Ontario, Canada, K1A OR6
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TA9. (10:56)

DETECTION OF THE 2 BANDS OF CD2 AND CH 2 BY INFRARED DIODE LASER SPECTROSCOPY

A.R.W. McKELLAR, CHIKASHI YAMADA, AND EIZI HIROTA

Using a tunable diode laser spectrometer with a Zeeman-modulated

multiple-reflection cell, we have observed five transitions of CD 2 around

710 cm
-
1 and two of CH 2 around 892 cm

- 
. One of the CH 2 transitions (413 -

422) represents a new measurement, and the other (404 *4 13 )had been observed

previously by laser magnetic resonance.

The CD2 transitions were of the form N 0,N wN,N-1 with N= 3 to 7.

They represent the first observation of "2 in CD 2, and the lines were found-1
just 1.5 cm higher than predicted by a nonrigid bender analysis

2 
of CH

data. The present results yield the "2 band origin for CD 2 (752.375 cm

as well as (B +C), A,,, and D (the diagonal spin-spin interaction parameter)

for the v2 = 1 state.

IT.J. Sears, P.R. Bunker, and A.R.W. McKellar, J. Chem. Phys. 77, 5363 (1982).
2P. Jensen, P.R. Bunker, and A.R. Hoy, J. Chem. Phys. 77, 5370 (1982).

Address of McKellar: Herzberg Institute of Astrophysics, National Research
Council of Canada, Ottawa, Ontario KIA 0R6, Canada.

Address of Yamada and Hirota: Institute for Molecular Science, Okazaki 444,
Japan. I

TA10. (11:13)

LASER MAGNETIC RESONANCE OF GERMANIUM CONTAINING SPECIES

T.J. SEARS, A.R.W. McKELLAR, AND M. WONG

We have observed extensive laser magnetic resonance spectra in the 880 to
-1

950 cm region resulting from the reaction of GeH 4 with F atoms from a

microwave discharge in CF 4. A few relatively weak lines have been assigned
tote2 2g

to the 2 1/2 23/2 transition of GeH, but one or more other moleculeF are

responsible for most of the observations. The presence of Ge in the carrier(s)

of the spectra is confirmed by experiments with isotopically pure 74GeH 4.
The most likely candidate molecule is GeH 3, and we have made some tentative

rotational assignments on this basis. However, a rapid analysis of the

spectra is retarded by the absence of any previous data on gas phase GeH 3,

by the presence of a number of Ge isotopes, and by the fact that two vibrational

fundamentals ("2 and v4) occur in this region which are likely to be Coriolis-

coupled (moreover, v4 is degenerate). Other molecules which could possibly be

involved in our observations are GeH 2F, GeF, or excited 
3
BI Geg2'

Address of Sears and McKellar: Herzberg Institute of Astrophysics, National
Research Council of Canada, Ottawa, Ontario KIA 0R6,
Canada.

Address of Wong: Canada Centre for Remote Sensing, 2464 Sheffield Road,
Ottawa, Ontario XIA 0Y7, Canada.
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TAll. (11:30)

OBSERVATION OF Y2 FCO WITH CO2 LASER MAGNETIC RESONANCE

W. J. McCOY, R. E. MUENCHAUSEN, AND G. W. hILLS

The laser .magnetic resonance spectrum of the V, San.l of FCO has been observed throsghout the

region from 104
0
-1090cm

- 1
. The FCO was produced ia the reaction of F-CO+Ar, where the F atoms

are produced in a microwave discharge in either CF4 Ar 3r SF6 Ar. FCO is also present in "pure

CF4" discharges, n which the necessary 0 arims are apparently derived from the q'.artz cell

walls. The majority of resonances occurred at low field (<2kG), but n few high field lines,

including some with an uncharacteristic shape, were observed. Several lines exhibit clearly

resolved doublet structure, most likely due to 19F hyperfine effects. In the previous diode

laser study , only a-type transitions were assigned. In contrast, our preliminary analysis

indicates that both a- and b- type transitions occur in the LMR spectrum.

IK. Nagsi, C. Yamada, Y Endo and E. Hirota, J. Mol. Spectrosc., 90, 244 (1981).

Address: Department of Chemistry, The University of North Carolisa, Chapel Hill, N.C. 27514

TA12. (11:47)

HIGH RESOLUTION FOURIER TRANSFORM SPECTROSCOPY OF THE v2 AND v, BANDS OF FNO

S.C. FOSTER AND J.W.C. JOHNS

The bending (519.6 cm
- I

) and NF stretching (765.4 cm
"1
) fundamental vibrations of nitrosyl

fluoride have been recorded with a BOMEM model DA3.002 Fourier transform spectrometer at a
resolution of 'O.OO4 cm

"1
. Data from the present analysis have been combined with available

microwave data to provide optimum molecular constants for the 000, 010 and 001 states of FNO.

Address: Herzberg Institute of Astrophysics, National Research Council of Canada, Ottawa,

Ontario, Canada, KIA OR6.
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TBI. (8: 3C)

THE LOW LYING ELECTRONIC STATES OF CeO, PrO, EuO, and YbO

M. DULICK, R.F. BARROW, C. LINTON, S. MC DONALD, S. RICE, AND R.W. FIELD

The lowest energy electronic states of CeO and PrO are found to arise from fs and f~s

free M2*-ion configurations perturbed by an 0'" ligand. EuO and YbO are unique among the
lanthanide oxides in that their lowest electronic configuration is fN rather than fN-iS. An

- -: transition of EuO has been partially analyzed.

In order to evolve and test a Ligand Field model for the electronic structure of the LnX
and LnX

+ 
(X O,S,H,F,CI,Br,I) molecules, certain critical energy level splitting must be

observed.

Address of Dulick, McDonald, Rice, and Field, Department of Chemistry, Massachusetts
Iitifft-ie o- T echtfno1_6y,- CaihiYdge, Jassachusetts, 021 39.
Address of Barrow, Physical Chemistry Laboratory, Oxford University, Oxford, ENGLAND.
Kd-resso-F-TMnon, Department of Physics, University of New Brunswick, Fredericton, N.B.

TB2. (8:47)

ENERGY LINKAGE OF THE SINGLET AND TRIPLET MANIFOLDS IN LaF

H. SCHALL, R.W. FIELD, AND C. LINTON

A combination of dispersed laser induced fluorescence and Doppler-limited fluorescence
excitation spectroscopy has been used to examine the electronic spectrum of the LaF molecule.
Dispersed fluorescence experiments have located the al 

3
LI state at To a 1432 - 2 cm

-1 
above

the XIE
+ 

state. In addition, two Q = 2 levels are found at To 
= 

1790 t 2 (a2 
3
A2) and

5460 t 2 cm-
1 , 

A new 0
+ 
- Xir

+ 
transition was Observed with To z 16637.95 cm

-1 
and

B0 = 0.2303 cm
-
.

The results of these initial experiments will be reported and the energy level diagram
will be discussed in terms of Ligand Field Theory.

Address of Schall and Field: Department of Chemistry, Massachusetts Institute of

TeCinolv-6, -6b-rT - a,-TWaac husetts 02139.
Address of Linton, Department of Physics, University of New Brunswick, Fredericton, N.B.

Lf W.E 3B 5A3.

TB3. ,9:04)

THE LOW LYING ELECTRONIC STATES OF HOLMIUM OXIDE

Y.C. LIU, H. SCHALL, R.W. FIELD, AND C. LINTON

Laser spectroscopic techniques have been used to probe the structure of the Holmium

Oxide (moo) molecule. Resolved fluorescence has been used to determine energy linkages

between electronic states. High resolution excitation spectroscopy was used to observe

rotational and, in some cases, hyperfine structure.

Several different transitions have been excited and rotationally analyzed. Of these.

some show very large, well resolved hyperfine structure (I - 3.5 for Ho and each rotational

line has 8 components). An energy diagram will be presented showing the linkages between and

assignment of the low lying states, together with results of the rotational and hyperfine

analysis. The assignment of the ground state, the energy order of the low lying states, and

hyperfine structure will all be discussed in relation to predictions of Ligand Field Theory.

Address of Liu and Linton: Department of Physics, University of New Brunswick, Fredericton,1TIW".
Address of Schall and Field: Department of Chemistry, Massachusetts Institute of
Technology, Cambridge, Masachusetts, 02139.
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TB4. (9:21)

THE ELECTRONIC STRUCTURE OF THE LnX AND LnX* (X OHF,Cl,Br,I) MOLECULES

S.F. RICE, M. DULICK, AND R.W. FIELD

A Ligand Field based semiempirical model for the description of the electronic structure
of the low lying states of Rare Earth halides, hydrides, and oxides will be presented. The
theory leads to an ordering of ionic molecular configurations corresponding to groups of
states characterized by "large" and "small" orbitals. These configurations composed of many
states, are shown to be directly related to the states of the free ion, Lnn+. Spectroscopic
constants such as vibrational frequencies, bond lengths, and hyperfine splittings, as well as
symmetry and position of energy levels of the few molecules of this class that have been
studied will be compared to the predictions of the theory.

Address of Rice and Field: Department of Chemistry, Massachusetts Institute of
Technology, Cambridge, Massachusetts 02139.
Address of Dulick: Department of Chemistry, University of British Columbia, Vancouver,
CANADA.

TB5. (9:38)

IMPROVED VIBRATIONAL CONSTANTS OF ScO. YO AND LaO

CARLOS B. SUAREZ

We report a new set of improved vibrational constants for ScO, YO

and LaO and some additional figures for these species. The idea has

been to fill the lack of sufficient and suitable constants needed to

define the potential-well necessary in some calculations where they

are the main limitation, as in Franck-Condon factors for instance. In

order to do this, unreliable head measurements and little available

band origins are ruled out, taking into account only resolved

rotational structure, even if fragmentary. The accuracy of the

constants is very much increased. Test of the potential-well is done

rmobtaining known rotational constants, and for further consistency

numerical calculation of centrifugal distortion constants is performed

and comparison shows agreement with experimental data.

ADDRESS: CARLOS B. SUAREZ
DEPARTMENT OF PHYSICS, UNIVERSITY OF LA PLATA
C.C. 67, 1900 LA PLATA, ARGENTINA
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TB6. .o:IO)

CU14M WOW CIN T ANALYSIS CF TfI-I CH041U1N ZE F'N LEAD OXIDE, E. A. DIXIO, J. W.

GLESSNER AND L. L. R4nIE

The flow tube and burner used to generate a chemiluminescent flae of lead oxide (Pbo)
have been redesigned in order to enhance the eaission from the flame. A 0.5 m Jarrel-Ash
mcwK~chrator was used with an W.A 7265 phatcmultiplier tube to resolve the emission. Flame
temperature as measured with a thesxxouple was 175

0
C. on the basis of a mass balance the

upper limit of the ntmber density of lead ataos was calculated to be 2 x 1014 atoms/oc for
a crucible taperature of 8900C.

Lead oxide spectra were observed over the range 400-750 n. The resolution for in-
tense spectral regions was 2.5 R. Enissions were observed for the band syster D-X,
B-X, A-X, b-X, and a-X. A linear least squares program was written to calculate the
spectroscopic constants for each of the states. The program which used a weighted avere
over all data was based on a procedure initially developed by Albritton and o-= rkers .
Potential energy curves were prepared for sae of the energy states with a program developed
by C. Vidal and co-workers(2) which utilized the MER and inverted perturbation approach
(IPA). Results for PbO will be presented and discussed.

10. L. Albritton, A. L. Schmeltekopf, and R. N. Zare, J. Mol. Spectrosc. 67, 132 (1977).
2
C. R. Vidal and H. Scheingraber, J. Mol. Spectrosc. 65, 46 (1977).

Address: Dept of Engineering Physics, Air Force Institute of Technology, Wright-Patterson
AF Base, Ohio, 45433.

TB7. (10:27) J
A ROTATIGAL ANAL'SIS OF THE C In - x 'EZ SYSTEM OF lnCl

S. KING. W.B. GRIFFITH, C.W. MATHEWS

The absorption spectrum of the C 1 I - X 1- system of InCI has been recorded in the
region 2650 - 2800 !. Our spectrum is in good agreement with that reported by Froslie and
Winans' except that our resolution is appreciably higher. The improved resolution in the
present study along with the availability of precise microwave data2-

4 
for the ground state

permits us to obtain significantly improved constants for the v-0 level of the C 1I state.
As has been previously noted, levels with v'>O become progressively diffuse indicating pre-
dissociation. Predissociation in bands involving v'.0 is indicated by increasing line width
with increasing J.

I H.M. Froslie, J.G. Winana, Phys. Rev. 72, 4el (1947'
2 A.H. Barrett, M. Mandel, Phys. Rev. 109, 1572 (1958)

J. Hoeft, Z. Phys. 163, 262 (1961)
4 G.A.L. Delvigne, H.W. de Wijn, J. Che. Phys. 45, 331F (1966)

Department of Chemistry, The Ohio State University, Columbus, Ohio 43210

TB8. (10.;9)

VIBRATIONAL AND ROTATIONAL ANALYSIS OF HIGH LYING VIBRATIONAL BANDS OF THE BaO A' Z+

AND A' I E STATES

NICK FURIO AND J. GARY PRUETT

Vibrational levels V-10 through V-18 of the BaO excited singlet states are analyzed
and their perturbations with nearby states are determined in order to search for unusual
perturbations due to IA states or the ground I state.

Address of N. Furio: Department of Chemistry, University of Pennsylvania, Philadelphia,
Pennsylvania, 19104

Address of J. G. Pruett: The Standard Oil Company (Ohio). Corporate Research Center,
4440 Warrensvills Center Road, Warrensville Heights, Ohio, 44128



75

TB9. (10: 16)

SPARSE MAPPING OF HIGH LYING EXCITED ELECTRONIC STATES IN BaO

YEN CHU HSU AND J. GARY PRUETT

Several new excited electronic vibrational levels are observed in BaO using
optical-optical double resonance via the A In state. Many st~tes of primarily E
or L=0 character are observed as well as at least one state of n or A -1 character.

Address: The Standard Oil Company (Ohio), Corporate Research Center, 4440 Warrensville

Center Road, Warrensville Heights, Ohio, 44128

TBIO. (11:13)

FOURIER TRANSFORM INFRA-RED SPECTRUM OF CrO NEAR 8000 CH
- 1

A. S-C. CHEUNG, A. J. MERER AND W. ZYRNICKI

The discharge emission spectrum of CrO has been investigated with high resolution
Fourier transform spectroscopy in the region 6000 - 12000 cm-

1
. Complicated groups of bands

occur in the region 7000 - 10000 cm
- 1

, of which one, near 8000 cm"
1
, has been identified as

the (0,0) band of a new 5E - X
5
11r transition of CrO. The perpendicular polarization of this

transition permits a direct determination of the A-doubling parameters and the spin-orbit
coupling constants of the ground Ttate, which was not possible from the analysis of the SH-5f
transition in the visible region.

1
W. H. Hocking, A. J. Merer, D. J. Milton, W. F. Jones and G. Krishnamurty, Canad. J. Phys,

58, 516 (1980).

Address: Department of Chemistry, University of British Columbia, 2036 Main Mall, Vancouver,

B. C., Canada, V6T IY6.

Permanent address of W. Zyrnicki: Institute of Inorganic Chemistry and metallurgy of rare
elements, Technical University of Wroclaw, 50-370 Wroclaw, Poland.

TB11. (11.30)

LASER SPECTROSCOPY OF THE IA"-X1A' SYSTEM OF CuOH AND CuOD

MITCHELL TRKULA AND DAVID 0. HARRIS

The green bands of CuOH and CuOD have been studied by chemiluminescence and laser-
excitation spectroscopies. CuOH and CuOD were produced by means of a recently developed
hollow-cathode sputtering source. The transitions probed by laser-excitation spectroscopy
were found to arise from the (0,0,0)-(0,0,0) band of a IA"-RIA' electronic transition. The
rotational analyses of the (1,0) and (0,1) rotational subbands of this system is presented.
The molecules are well described as near prolate assymmetric rotors and are bent in both the
ground and excited electronic states with bond angles of 111(1)* and 119(1)

°
, respectively.

Address of Trkula and Harris: Department of Chemistry and Quantum Institute, University of
California, Santa Barbara, California 93106.
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TBI2. (11:47)

MAGNETIC ROTATION SPECTROSCOPY OF SINGLET METHYLENE

H. PETEK, D. J. NESBITT, AND C. B. MOORE

The Doppler-limited spectra of singlet methylene (b BI a AI), have been observed by
direct absorption and magnetic rotation spectroscopy (MRS). Since magnetic rotation Is exhibited
only by singlet methylene states that are coupled to the triplet manifold, this technique is ex-
tremely sensitive to even weak singlet-triplet perturbations. The magnetic activity is observed
in greater than 80% of transitions (studied between 16000 cm-

1 
and 17000 cm

-1
) indicating strong

coupling between singlet and triplet manifolds. Large magnetic effects are observed in vibronic

transitions originating from 716 , 431 , and 432 levels, in good agreement with perturbation ana-
lysis of triplet methylene rotational LMR spectra.

1

This work will lead to a better understanding of electronic structure of methylene and a
more accurate determination of the singlet-triplet splitting, as well as a re-evaluation of the

6 IBI i 
1
AI spectrum.

IT. J. Sears, private communication.

Address of Petek, Nesbitt, and Moore: Department of Chemistry, University of California, Berke-

ley, California 94720
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TC1. (8:30)

THEORETICAL STUDIES ON THE ENERGY LEVEL DIAGRAM OF THE CHLOROPHYLL

a DIMER

L.V. Haley, and J.A. Koningstein*

In this communication we discuss part of the energy level of dimeric
Chlorophyll a and the way it relates to the absorption, fluorescence and
Raman spectrum. The energy level diagram is based on the occupation of
molecular orbitals of the dimer which arise if interaction occurs between
highest occupied and lowest uno ied orbitals of the monomer. The
resulting dimeric energy leveldiagram is compared with that of the monomers
and electronic Raman selection rules as well as lifetimes of excited states
are discussed.

*Department of Chemistry, Carleton University, Ottawa KIS 5B6, Ont. Canada.
L.V. Haley and J.A. Koningstein, Can. J. Chem. to be published (Jan. 1983).

TC2. (3.47)

EXCITED STATE AND VIBRATIONAL GROUND STATE STUDIES OF CAROTENES AND CHLOROPHYLL MONOMERS

AND DIMERS

A. de Wilton, L.V. Haley and J.A. Koningstein*

Using a nanosecond tunable pulsed laser we have obtained the vibrational Raman spectrum
of short lived excited states of all trans s-carotene and dimers of dry Chlorophyll a in
hexane. The position of Raman shifts of the Sl state of all trans 8-carotene which has a

lifetime of 265fs, is determined by applying the technique of time resolved Raman spectroscopy
and our data suggest that only small differences exist in the frequencies of corresponding
modes of Sl and the SO0 ground state. A high resolution study of the Raman excitation profile

of a normal mode of trans 8-carotene suggest the presence of another electronic state and
Raman spectrum from this state too was recorded.

Excited level Raman spectroscopic studies were also made of a solution of dry Chl a in
hexane, where the majority species is the Chl a dimer. We report the first observation of
hole burning in the Raman excitation profile of normal modes in the ground state from the
dimer. This phenomenon is explained in terms of ground state b eaching and th@ occurrence of
Raman scattering from exciton levels of the dimer at 14800 cm- and 16300 cm"

*DepartmenL of Chemistry, Carleton University, Ottawa KIS 5B6, Ont. Canada.

TC3. .20)

TIME RESOLVED AND FREQUENCY SELECTIVE FLUORESCENCE OF THE CHL a DIMER

A. de Wilton and J.A. Koningsteln*

The pulsed laser in ced fluorescence of solutions of Chlorophyll a is
reported. The ass ignment of the fluorescence in terms of contribution of
that of monomers, dimers and higher aggregates is discussed. The assignment
is based on time resolved fluorescence spectral results in combination with
the wavelength selective excitation of fluorescence of primarily the dimeric
species. Quenching of this fluorescence, observed at high laser power, is
observed and a discussion of this effect is given in terms of our present
knowledge of the energy level scheme of the dimer in relation to that of the
monomer. Energy gaps of the lowest lying exciton states of dimeric Chl a in
CCI4, hexane and benzene is reported.

*Departent of Chemistry, Carleton University, Ottawa KIS SB6, Canada
1) A. de Wilton and J.A. Koningsteln, J. Phys. Chem. to be published (Jan. 1983)
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TC' 1 (9:55)

PHOTOACOUSTIC STUDY OF VIBRATIONAL OVERTONES IN POLYATOMIC MOLECULES.

HOWARD. L. FANG, DONNA M. MEISTER, AND ROBERT L. SWOFFORD

Intracavity gas phase photoacoustic spectroscopy is used to investigate the near-IR
and visible overtone spectra of various polyatomic molecules. This report summarizes some
of our current data. The description of overtone structure is based on the local mode

model. it is known that the influence of the conformational environment on the X-H
oscillators (X-C,O,N) can be easily observed in the overtone spectra for the X-H stretching

vibration. This sensitivity to molecular geometry may provide important new information
concerning the molecular conformation. Several examples are demonstrated here:
(1) nonequivalent C-H bonds present in alkenes and dienei, (2) different O-H and N-H
stretching vibrations In alcohols and amines, (3) nonequivalent stretching frequencies

of the axial and equatorial C-H bonds in p-dioxane.

Address: The Standard Oil Company (Ohio), Corporate Research Center, 4440 Warrensville
Center Road, Warrensville Heights, Ohio, 44128

TC'2. (13:121

PHOTOACOUSTIC SPECTROSCOPY OF NON-EQUIVALENT METHYL C-H OVERTONE VIBRATIONS.

HOWARD L. FANG, D.M. MEISTER, AND ROBERT L. SWOFFORD

Recea-vl considerable interest has been focussed on the success of the local mode
model for describing the highly excited vibrational overtones of molecules containing X-H
bonds (XfC,O,N). The development of sensitive phototh rmal techniques has significantly
enhanced the amount of available information regarding he overtone structures in the
near-IR and visible spectral region. In this report, we present the observation of non-
equivalent methyl C-H bonds in four types of anisotropic environments:

(a) equatorial-axial C-H bonds (such as in iso-butane and t-butanol),

(b) the adjacent lone-pair electron moiety (such as in dimethyl ether, dimethyl
sulfide and methyl amines),

(c) the adjacent C-C 1r-electron moiety (such as in propylene and 2-alkenes), and

(d) the adjacent C-0 r-electron moiety (such as in acetaldehyde and acetone).

In all cases, two distinct C-H stretching overtone bands are observed which
correspond to two types of C-H bonds in the methyl group. A MO analysis which will be
described in the next paper suggests that the lone-pair or Ir-orbital delocalization is
responsible for the appearance of two methyl C-H bands at each overtone even if the methyl
group is freely rotating.

Address: The Standard Oil Company (Ohio), Corporate Research Center, 4440 Warrensville
Center Road, Warrensville Heights, Ohio, 44128

TC'3. (10:29)

0C-METHYL C-H BOND STRENGTH: A MO ANALYSIS.

A.B. ANDERSON, D. GERVASIO, H.L. FANG, D.M. MEISTER, AND R.L. SWOFFORD

We have carried out full structure determinations on several small hydrocarbon
molecules with methyl groups using the ASED-MO method. Methyl rotational conformations
are found to match experimental observations. (-methyl C-H bonding was studied Cor
each of the molecules. A correlation has been found between the radical energy level
position of the unrelaxed fragment and the C-H bond strength as determined by overtone
vibrational studies of Fang, et al. This correlation can be understood using a

perturbation argument.

Address of A.B. Anderson and D. Gervasio: Department of Chemistry, Case Western Reserve
University. Cleveland, Ohio, 44106

Address of H.L. Fans, D.M. Meister and R.L. Swofford: The Standard Oil Company (Ohio),
Corporate Research Center, 4440 Warrensville Center Road, Warrensville Heights, Ohio, 44128
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rC'4. (I

PHOTOACOUSTIC STUDY OF OVERTONE STRUCTURE OF METHANOL AND METHANOL-OD

HOWARD L. FANG, D.M. MEISTER, AND ROBERT L. SWOFFORD

We report here the study of the visible and near-IR absorption of gaseous CH3 OH
and CH30D measured with intracavity cw dye laser photoacoustic spectroscopy. The spectra
show progressionsof transitions for e-H, O-D and C-H stretches. Combinations involving
the stretching vibrations with other vibrations are also observed between consecutive
overtones. By careful comparison with the overtone spectrum of CH30D, the combination
bands associated with the O-H stretching local modes can be identified. Six local-normal
combinations, four of the combinations associated with O-H stretching and two
associated with C-H stretching local modes, are observed between consecutive
aVON overtones. These four O-H related cgmbinations are C-O stretch ( )CO

)
,

O-H bend (S OH), VCo +SOH, and the second harmonic (2b OH) of the O-H bend. The two
C-H related combinations are C-H bend ( F CH

) 
modes. The spectra are described in terms

of a simple three coordinate local mode model which will be presented in the next paper.
The systematic study of overtones helps us understand the factors which influence the
potential energy surface and the potential chemical reactivity of individual X-H bonds.

Address: The Standard Oil Company (Ohio), Corporate Research Center, 4440 Warrensville
Center Road, Warrensville Heights, Ohio, 44128

TC'5. (11:03)

COMBINATION BANDS IN THE O-H OVERTONE SPECTRA OF METHA OL: THEORY

MARTIN L. SAGE

The observed absorption spectra of methancl in the region of the O-H stretching
overtones shows combination bands involving the O-H stretch and the H-O-C bend or
the C-O stretch. A simple three coordinate model involving an anharmonic O-H stretch
and harmonic H-O-C bend and C-O stretch coupled through G-matrix elements and potential
constants accounts for the oiserved spectra.

Supported in part by the Standard Oil COmpany (Ohio)

H.L. Fang. preceeding abstract.

Address: Department of CHemistry, Syracuse University, Syracuse, New York, 13210

TC'6. I1120

THE VISIBLE PHOTOACOiSTIC SPECTRA O" VAPOR-PitASE METHANE
AND DEPTERATED MfETHANES AT 77 K

J. __SCHERER, K. K. LEHMANN, AND V. KLEMPERER

We have constructed a longitudinally resonant photoacoustic cell
which can be cooled to liquid nitrogen temperature. This cell has
been used intracavitv in our automated dye laser spectrometerl to
obtain low t,-mperature, Doppler-limited spectra In the visible. Working
at 77 K has two advantages: first, the Doppler width is of its room
temperature value; second, the rotational partition function is about
8 times smaller (for nonlinear molecules). Both of these features Im-
prove normallv conpested spectra.

We have taken spectra of the C-H stretching overtones of methane
and of deuterated methanes in the visible. The low temperature spectrum
of CH4 shows Doppler-width features, althoufh the spectrum is still very
congested. We have also stud!ed CD31i at both room temperature and at
77 K. At room temperature, the rotational analysis is complicated by
overlapping bands, and by i-completelv resolved K-structure. .'e will
present a rotational analysis of the low temperature spectrum of CD 3H
which shows completely resolved structures.

t
K. K. Lehmann, G. J. Scherer and W. Klemperer,

.J. Chem. Phys. 77, 2853 (1982).

Address of Scherer, Lehmann. and Klemperer: Department of Chemistry,
Harvard University, Cambridge, Massachusetts qA
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FE2. (2 15)

SUB-DOPPLER SPECTROSCOPY IN THE '2' '4' AND 2. 2 BANDS OF NH3

W. H. Weber and R. W. Terhune

Results are presented of Stark-tuned Lamb-dip measurements in the 6ijm V and 20,2 bands of

NH3 obtained using a CO laser with an intracavity Stark cell. Some 230 lines from the iso-

topes 12C16O, 13C160 , 
12
C1

8
0, and 

1 3
C
1 8
0 were investigated with fields up to 30 kV/cm. Sixty-

four coincidences with Stark-tuned NH3 lines, involving several hundred Lamb dips, were
assigned and analyzed. The positions of these lines relative to the CO laser lines are

reported with a typical accuracy of 5-20 MHz. Model calculations of Lamb-dip spectra are
also given that include power and pressure broadening and the collisionally transferred

resonances. These are directly compared with observed spectra, from which we deduce values
for the pressure broadening coefficients and the collisional transfer efficiency. Nuclear

hyperfine structure is resolved on several lines, and from fitting one of these we obtain the

value eqQ = -4.83 + 0.30 MHz for the nuclear quadrupole coupling constant in the s2v 2 (.lO,

K=9) state. We see numerous examples of weak "forbidden" transitions AM, = 0, + 2, arisLng
from the nuclear quadrupole coupling.

Double resonance experiments are also described in which a CO laser pumps a 6um v4
transition while a tunable diode laser probes a loi V2 transition having a common lower

level. Four different combinations of pump-probe transitions are studied. The CO laser is

Lamb-dip stabilized on the pump transitions, which are tuned into coincidence with it using

the intracavity Stark cell. The pump and probe beams overlap colinearly in the Stark cell.

The double resonance signals appear as narrow transmission peaks on the diode laser scans.
The narrowest observed widths are 1 3 MHz (F*01), a large portion of which is due to unre-
solved hyperfine structure. An analysis of the various broadening mechanisms indicates that

the diode laser contributes less than I MHz to the widths. Resonances due to velocity-pre-

serving but state-changing collisions are seen. Asymmetries between co- and counter-

propagating linewidths are shown to arise from a combination of field inhomogeneity and
coherent narrowing effects. The data are recorded using a computer-aided, rapid-scan,

digital signal averaging technique.

Address of Weber and Terhune: Physics Department, Research and Engineering Staff, Ford Motor Co.,
Dearborn, Michigan, 48121.

TE3. (2 32)

THE LINESHAPE OF IFRARED-MICROWAE TWO-PHOTON TRANSITIONS: TilE '2 BAND

S. T. SANDHOLM, N. SHABESTARY. AND R. H. SCHWENDEMAN

A computer-coupled infrared-microwave two-photon spectrometer has been
used to record the lineshapes of transitions in 5NH3 as a function of sample
pressure and microwave power. The frequency of the CO, laser is stabilized
by monitoring the saturation dip in the fluorescence from a CO, sample in
the laser cavity. A laboratory computer steps the microwave frequency and
records the spectrum. The computer also records the frequency variation of
the microwa,, power, which can be used to normalize the data to constant power.
The lineshapes, as analyzed by means of the expression for a Voigt profile,
appear to show significant changes in the center frequency and the Lorentz
width as the microwave power is varied. The nature of these variations will
be described and compared to predictions from the theory of two-photon
absorption in a three-level system.

This work was supported by the National Science Foundation

Department of Chemistry, Michigan State University, East Lansing, MI 48824

. . .. . . ...
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TE4. (2:49)

INFRARED-MICROWAVE TWO-PHOTON SPECTRA IN THE v 4 AND v0 BANDS OF CDCO

K. NAKAGAWA AND R. H. SCHWENDEMAN

Infrared-microwave two-photon spectra in the 980 cm region have been
obtained for the asymmetric top molecule CD2 CO. The radiation sources are
a CO/N 20 cw laser and backward wave oscillators operating in the 8-18 GHz
region. The microwave radiation is amplified to -,20 watts by means of
a traveling wave tube amplifier. The microwave frequency is stepped and
the spectrum is recorded by a laboratory computer. Two-photon transitions
have been observed for the v4 and v. bands of CD2 CO. Initifl assignments
were based on the results of an infrared laser Stark study. The v6 two-
photon transitions have been observed in a sample cell outside the laser
cavity. The v4 transitions are considerably weaker and were observed with
an in-cavity cell.

A computer program has been implemented for theoretical calculation
of the intensities of infrared-microwave two-photon transitions for an
asymmetric top molecule. The calculation is complicated by the existence
of many possible intermediate states and by the necessity of many summations
over M components. The computational procedure will be described briefly.

*This work was supported by the National Science Foundation.
1D. Coffey, Jr., C. Yamada, and E. Iirota, J. Mol. Spectrosc. 64,

98-108 (1977). j
Department of Chemistry, Michigan State University, East Lansing, MI 48824

TE5. (3:20)

DIODE LASER MEASUREMENTS OF LINE STRENGTHS AND LORENTZ HALF-WIDTHS FOR

SOME LINES OF 
14
NH3, 

1 5
NH3 , AND H2160 IN THE 6.6 pm SPECTRAL REGION

V. MALATHY DEVI, B. FRIDOVICH, D.G.S. SNYDER, G.D. JONES, AND

K. NARAHARI RAO.

Several line positions in the v4 bands of 
14
NH3 have been located

relative to V2 band lines of H2
1 6
0, and comparisons made with published

values. Line strengths and Lorentz broadening coefficients have been

measured for some lines in these bands. For H2160 lines, measurements

were made to determine shifts.

Address: NOAA/NESDIS, FOB #4, E/RA21, Washington, D.C. 20233

Address of Rao: The Ohio State University
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T6. '3:31)

* B K::i'IAL AD Fh, Ii ICAL l:l'.'flAi3 " F - I 3" BH Al:NN; CF At.iON! A rRANS!-

: E - C) AND V . - i) IANFS
.Is.,. .csr.± +I , V. STICC,. S<Hli HFFA AND 2.

We , -,oesrei t. broadening of several r, tr-"ibrationel transitions of the

Lai,,i rf N ,' by e-Ilisio., with foreign gao-eu: as He, H, and N As expected

I.'. values of pressure broadenig g are smaller than tnose measured previously in the
3.)

A' " elf broaoening . dowever, a smaller broadening infers a smaller impact

proa.e- r '"s h tate Anderson's approximation in th,- frame of the impact theory

:t, a . ,vertheless, we ar- tryine tc pply tOs theory in toe ease of

- I' '1 S ", u.--,e -I' I ig 7 Lieei-v r ",l i,. t imp,-I r-.r7.-tF wit!:

r-sp-c-' t te -t:.er gases. The results of siic s-alcilation will be presented along

Wi
t  

ritical nalysis of the experimental data.

-ali-'ini, r,. Buffs, S. Marohetti, V. !,ontelatici and ). Terrini: J.Chem.

7 (l)O8); seame authors with V. :org.-: J.
7

sem.Phy,. ']Qii

,noir ,?f :[,iaeMhini, Iontelatici and Sorge: E-o-A, ,ip. 7311-Il, Jebcretorio J
', s- oles'olure C. h. -, CCC- - Frasesrtti ! a Ily

A " oI ' .] " ri7 ,m . ,i ii F:u.,'i, jI' rrr d; lisa, Italy.

TE7. (3:49)

MEASUREMENTS OF THE U 3 BAND OF HCN BROADENED BY N2 AND BY HF

M.A.H. SMITH and G. A. HARVEY

N2 -broadened halfwidths have been measured for 51 lines belonging to the v3 fundamental

band of hydrogen cyanide (I H 2C N). Data were obtained at room temperature (-299K) using a

Fourier transform interferometer spectrometer with a nominal resolution of 0.06 cm
- 

. Spectra

were recorded in the region from 3200 to 3400 cm
- 

, using a 10-cm absorption cell with

broadening gas pressures varying from 150 to 700 torr. The halfwidth values were obtained

through a nonlinear least squares spectral fitting procedure, and are generally consistent from

scan to scan. The resulting N2 -broadened halfwidths, determined for all lines with J<25 in both

the P and R branches, are smaller than C02-broadened halfwidths, but larger than Ar-broadened

halfwidths measured for the same band
1
, and also show a decrease in halfwldth for increasing J.

HF-broadened HCN halfwidths have also been measured in spectra of 3 separate 10-cm

absorption cells, each filled to a total pressure of approximately 150 torr with a 50-50 mixture

of HF and N2 and containing several hundred ppm of HCN. An oscillatory dependence of the

halfwldth on m , indicative of near-resonant dipole-dipole interactions between HF and HCN, has

been observed and is consistent with a similar m -dependence previously measured for HCN

broadened by HCI.I

'R. J. Thibault, A. G. Maki and E. K. Plyler, J. Opt. Soc. Am. 53, 1255 (1963).

Address of Smith and Harvey: Mail Stop 401A, NASA Langley Research Center, Hampton,
Virginia 23665
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TE8. (4:01)

HIGH RESOLUTION LINE INTENSITY MEASUREMENTS OF THE v4 + v 5 B ND OF C2 H 2

J. PODOLSKE, M. LOEWENSTEIN, AND P. VARANASI

12 Absolute intensity measurements have been performed at 296 K in the v4 + v 5 band of
C2 H2 in the 7.54 pm region, using a tunable diode laser spectrometer. Experifmental condi-

tions were chosen to place the 18 R-branch lines studied in both the Doppler and Voigt profile
regimes. Parameters for pressure broadening with N2 and He were derived for several lines.

Line intensities for several of the C2H 2 "hot band" lines in this spectral region have
also been measured.

Address of Podolske and Loewenstein: Space Science Division, NASA Ames Research Center,
Moffett Field, CA 94035.
Address of Varanasi: Laboratory for Planetary Atmospheres Research, State University of
New York, Stony Brook, NY 11794.

TE9. (4:18)

NITROGEN-BROADENING OF THE INFRARED LINES OF 
12
CH4 , 

13
CH4 AND

12
CHJDAT LOW TEMPERATURES

P. VARANASI-, L. P. GIVER AND F. P. J. VALERO

From high-resolution (0.06 cm-
1
) measurements of spectral

transmittance at 100 K, 153 K, 200 K and 296 K in the "31and V4
bands of 

1 2
C14 and 13CH4, and in the v2 and v6 bands of l

2
CH3 D,we have determined accurate nitrogen-broadened line widths and

their dependence upon temperature. While the simple T
-1 "0

dependence prevails in all the cases, the line-widths of CH3 D
are larger than those of CH4 , for the same rotational quantum-
numeral designations, by nearly fifty percent. The theoretical
implications will be discussed.

Address of Varanasi: Laboratory for Planetary Atmospheres
Research, S.U.N.Y., Stony Brook, N.Y. 11794.
Address of Giver and Valero: Astrophysical Experiments
Branch, NASA Ames Research Center, Moffett Field, CA 94035.
* Supported by the Planetary Atmospheres Branch of the Earth
and Planetary Exploration Division of NASA under Grant No.
NGR 33-015-139

TEIO. (4:30)

MEASUREMENT OF INTENSITIES IN THE V FUNDAMENTAL BAND
4

OF 
1 3

CH 4 AT 153 K AND 296 K.O4

P. VARANASI, L. P. GIVER, and F. P. J. VALERO

Absolute intensities in the 24 - fundamental of 13CH 4 have been deduced

from spectral transmittance measurements at 153 and 296 K, using a 13C

enriched (99.6 %) sample of 13CY4 and a Fourier transform spectrometer

with spectral resolution of 0.06 cm 1. The line strengths are 96 - 98

percent o! '",e corresponding values for 12Cl 4 . The absolute intensity of

the band is 123 cm'
2

atm
" 1 

at 296 K.

Address of Varanasi: Laboratory for Planetary Atmospheres Research,
S. U. N. Y., Stony Brook. NY, 11794.

Address of Giver and Valero: Astrophysical Experiments Branch. NASA-Ames
Research Center, Moffett Field, CA, 94035.
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TEI 1. 
(4:47)

EXPERIMENTAL COLLISION-BROADENED LINEWIDTHS IN METHANE*

J. W. BRAULT, K. FOX, D. E. JENNINGS, J. S. MARGOLIS, AND L. R. BROWN

High-resolution spectra of vibration-rotation transitions in 3v3 of both '
2
CH4 and '

3
CH,have been obtained using the Kitt Peak Fourier Transform Spectrometer and a 6 m White cell.

This work reports the results of measurements of self- and foreign gas-broadened linewidths inboth isotopic species. The broadening gases included helium and molecular hydrogen and nitrogen.These experimental values will be compared with earlier theoretical calculations of collision-broadened linewidths. 2 
Implications for atmospheric phenomena will be considered.

*This research is supported, in part, by the NASA Planetary Atmospheres Program.
'J. W. Brault, K. Fox, 0. E. Jennings, and J. S. Margolis, Ap. J. 247, Ll01 (1981).2G. D. T. Tejwani, P. Varanasi, and K. Fox, J. Quant. Spect. Rad. Transf. 15, 243 (1975).

Address of Brault: Kitt Peak National Observatory, Tucson, AZ 85726.Address of Fox:- University of Tennessee, Knoxville, TN 37996-1200.AdJress of Jennin 5: Goddard Space Flight Center, Greenbelt, MD 20771.dr fMar is and Brown: Jet Propulsion Laboratory, Pasadena, CA 91103.

TE12. 
(4:59)

THEORETICAL STUDIES OF COLLISION-BROADENED LINEWIDTHS IN METHANE*

KENNETH FOX

One of the more challenging problems in the theory of vibration-rotation transitions in gas-phase molecules is the prediction or calculation of shapes of spectral lines. An understandingof collision-broadened line shapes, widths and shifts is important in a variety of contexts, in-cluding planetary atmospheres.' For example, in the atmospheres of Jupiter and Earth, thesystems CH-H 2, CH4-He, and CH4-N 2 , respectively, are of considerable interest. 2 
High resolutionlaboratory spectra have been measured ' 

for the v=O-3, AJ=1 transitions of both 1
2
CH4 and 3

CH4.These data will be analyzed with a view toward developing the theory of collision-broadened linewidths of spherical-top molecules, including their isotopic dependence.

*This research is supported by the Planetary Atmospheres Program of the National Aeronautics
and Space Administration, under Grant NAGW-125.JSee, e.g., J. J. Gelfand, in "Vibrational-Rotational Spectroscopy for Planetary Atmos-pheres" (M. J. Mumma, K. Fox, and J. Hornstein, eds.), NASA 1982.2See, e.g., K. Fox in "Molecular Spectroscopy: Modern Research" (K. Narahari Rao and C. W.Mathews), Academic 1972.

1J. W, Brault, K. Fox, D. E. Jennings, J. S. Margolis, and L. R. Brown, preceding Abstract,
this Symposium.

Address of Fox: University of Tennessee, Knoxville, TN 37996-1200.



85

TFI. (2:15)

HIGH SENSITIVITY HETERODYNE-POLARIZATION SPECTROSCOPY

M. RAAB AND A. WEBER

Applying heterodyne detection schemes
I 

to laser polarization spectroscopy
2 

increases

the sensitivity (S/N ratio) considerably 
3
. An acousto-optical modulator (AOM) shifts

the pump frequency relative to the probe Irequency by the amount of the driving frequency
of the AOM thereby avoiding coherent noise due to Interference of pump and probe/signal
beams. At the same time the pump beam can be amplitude modulated at high frequencies
(up to the MHz region) by means of the AOM thereby shifting the detection frequency towards
more favorable regions of the laser noise spectrum. Interference of an optimized fraction
of the probe beam with the spectroscopic signal generated through the non-linear mixing
of the pump and probe beams by the medium finally amplifies the signal at a sensitivity

close to the shot noise limit. Examples are given showing spectra of 
3
, 7 + transitions'I + 1+ u .g

of Na2 ('^ 10 times less intense compared to the "allowed" A Zu - X Zg transition ) and

weak two photon absorption in a Na-heat pipe. Detection of components of the Na-D lines

was accomplished in the vapor over the metal at room temperature and with 103 - 104 atoms
in the interaction volume.

IJ. J. Snyder, R. K. Raj, D. Bloch, and M. Ducloy, Opt. Lett. 5, 163 (1980).

2C. Wieman and T. W. Hdnsch, Phys. Rev. Lett. 36, 1170 (1976).

3 M. D. Levenson and G. L. Eesley, Appl. Phys. 19, 1 (1979).
4J. B. Atkinson, J. Becker, and W. Demtrdder, Chem. Phys. Lett. 87, 92, 128 (1982).

Address of Raab and Weber: Molecular Spectroscopy Division, National Bureau of
Standards, Washington, D.C. 20234.

TF2. (2:32)

RADIATV TRANSITION PROBABILITIES AND DIPOLE MOMENTS FOR ALL VIBRATIONAL LEVELS IN THE X I

AND A E STATES OF NaH

W. T. ZEWE AND W. C. STWALLEY

,Calculated radiative transiti~n+probabilities between all vibrational levels in the
x 1? state (v=0-21) and in the A Z state (v=0-29) of NaH are given. In addition, the
calculated spontaneous emission lifetimes for vibrational-rotational levels (J=0,1) and the
calculated dipole moments for these same levels are given.

The calculations use new hybrid potential energy curves (based on Rydberg-Klein-Rees
(RKR) and ab initio potentiaj curves) and new ab initio dipol moment functions. The RKR
curve for t e X state is new. The RKR curve f-ir the A state4 and the ab initio curves for
both states 1are in the literature. The dipole moment functions of internu-cear distance
are also new.

IR. E. Olson, B. Liu, W. T. Zemke and W. C. Stwalley, to be submitted.

2F. B. Orth, W. C. Stwalley, S. C. Yang and Y. K. Hsieh, J. Mol. Spectrosc. 79, 314 (1980).

3
R. E. Olson and B. Llu, J. Chem. Phys. 73, 2817 (1980).

Address of Zemke: Department of Cheistry, Wartburg Colleqe, Waverly, IA 50677.
Address of Stwallel: Iowa Laser Facility, University of Iowa, Iowa City, IA 52242.
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TF3. (2:44)

CRITICAL COMPILATION OF SPECTROSCOPIC DATA FOR THE ALKALI METAL HYDRIDE MOLECULES

W. C. STWALLEY AND S. C. YANG

With support from the National Bureau of Standards, we have criticallycompiled spectroscopic
data and related information (especially theoretical) for the diatomic alkali metal hydride (and
deuteride) molecules (and ions). This includes principally the following:

I. spectroscopic constants
2. term values, dissociation energies and zero point energies
3. potential energy curves
4. laser induced fluorescence coincidences

Penultimate tabulations of these results will be presented along with major advances in informa-
tion (e.g. isotopic differences in LiH). A review presenting and discussing these results is now
being written and will be submitted for publication shortly after this talk. Finalcriticismsof
and supplements to these results are solicited.

Address of Stwalley: Iowa Laser Facility and Department of Chemistry, University of Iowa, IowaCity, Iowa 52242.

Address of Yanq: Department of Chemistry, University of Rhode Island, Providence, Rhode Island
02881.

TF4. (3:15)

CRITICAL COMPILATION OF SPECTROSCOPIC DATA FOR THE ALKALI METAL DIATOMIC MOLECULES

W. C. STWALLEY, W. T. ZEMKE AND R. B. BERNHEIM

With support from the National Bureau of Standards and the Joint Institute for Laboratory
Astrophysics, we have critically compiled spectroscopic data and related information (especially
theoretical) for the diatomic molecules (including ions) containing Li, Na, K, Rb and Cs only.
This includes principally the following:

1. spectroscopic constants
2. term values, dissociation energies and zero point energies
3. potential energy curves
4. laser induced fluorescence coincidences
5. optically pumped laser transitions

Penultimate tabulations of these results will be presented along with examples of major advances
in information (e.g. much more accurate dissociation energies). A review presenting and discus-
sing these results is now beinq written and will be submitted for publication shortly after this
talk. Final criticisms of and supplements to these results are solicited.

Address of Stwalley: Iowa Laser Facility and Departments of Chemistry and Physics, University of
Iowa, Iowa City, Iowa 52242.
Address of Zemke. Department of Chemistry, Wartburg College. Waverly, Iowa 50677.
Address of Bernheim: Pennsylvania State University, Department of Chemistry, 152 Davey Labora-
tory, University Park, Pennsylvania 16802.

TF5. (3:32)

NEW OPTICALLY-PUMPED ALKALI METAL DIAT'*w, LASERS

J. T. BAHNS, A. R. RAJAEI-RIZI, K. K. .: MA. F. B. ORTH AND W. C. STWALLEY

We have obtained many new optically-pumped laser (OPL) lines Wien dimers of sodium and 1 i-
thium are pumped with an arqon ion or krypton ion laser. These large frame lasers (operated on
a single longitudinal mode) are used to excite Bflu - X i (for Na, and Li 2 ) and AIE+ - X'4
(for Na ) multiline laser oscillation of these dimers in ring caiity. Analysis of -he asso-
ciated luorescence spectra results in the assignment of most OPL lines.

In addition to the (predominantly) bound-bound OPL transitions (including lower laser le-
vels up to dissociation), in the case of pumping sodium dimers (with the 568.2 nm output of a
krypton ion laser) stimulated bound-free emissions have been observed for the first time be-
tween two strongly bound molecular states (A':, - X'E* continuum) at -805 and 817.5 nm.

Address of Bahns and Stwallej: Iowa Laser Facility, University of Iowa, Iowa City, Iowa 52242
Addr-e-ss o aael-Rlzi: Department of Chemistry, Drexel University, Philadelphia, Pennsylvania
19104

Address of Verma: 38-611A, Bell Tel ephone Laboratory, Holmdel, New Jersey 07733
Address of Orth: MND Energy Center, Mississippi State University, Drawer MM, Mississippi
State, Mississippi 39762
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TF6. CANCELLED

Laser Excited Fluorescence of N 2 s Intensities in

the A-X and B-X TraneitiAon

K.S. Chandraseld'ir, T.K. Balasubramnan, K. Raghuveer and N.A. NBraeimhm

fluorescence was excited in the A-X and B-X system of Na2 usin the 6321 Alne of ahoem built He-No laser (30 ia) and 4860 A and 5145 A lines of Commercial Ar laser
(800 ow), operating in multimode. Sodium dimers were produced in a heat pipe oven
fabricated in our laboratory. The fluorescence was recorded on a SPEX Ramlog double
eonochrowtor employing photon-counting detection. A standard lamp (No.12?C, NPL, Teddington)
was used tar the calibration of the spectrometer and the intensities of the linee of the
fluorescence eserie were determined quantitatively.

The FCF and R-Centrold for each transition was computed by standard procedure and the
variation of the electronic traneition momnt with R-Controid for both Vw syatem hoe been
studied. In the course of these inveatigations two additional fluorescence series - (v'-79
v") Q(25) and (v'-7, v") R(29), P(31) in the 8-X system, tar 4880 A excitation have been
identified. The positions o all the lines could be reproduced satisfactorily by the
constants provided by Kuech and Hesse1 (1).

(1) P. Kuech and M.M. Heasel s J. Chem. Phys., 68 , 2591 (1978)

Addrese$ Spectroecopy Division, Bhebhe Atomic Research Centre, Trombay, Boebay-400 085, India

TF7. (3:49)

METHOD FOR CALCULATING HIGH-ORDER NKR POTENTIAL

R. J. LE ROY, AND P. PAJUNEN

The familiar quadrature form of the RKR inversion procedure for determining diatomic

molecule potential energy curves from spectroscopic data is generalized using an iterative

procedurr which takes accouni of higher-order terms in the phase-integral (or JWKP) ap-

proximation on which this method is based. For little extra computational cost, the rew

method yields potential energy ,urves which are much more accuraie than tfoae obtaired

fro- the -amiliar first-order procedure. The method will be describcd and temted on the

ground state of Li2 .

Address of L? Row: Guelph-Waterloo Centre for Graduate Work in Cheristry, University of

Waterloo, Ontario N21. 3GI.

Address of Painen: Department of Chemistry, University of Ounu, Linnanmaa, 90570 t 57,

Finland.

TF8. (4:06)

OPTICALLY DETECTED MAGNETIC RESONANCE OF SEVERAL CARCONYL COMPOUNDS ADSORBED ON ALUMINA

A. M. NISHIMURA

The results of some preliminary study of carbonyl contalninq compounds adsorbed on
alumina is reported. Initially, adsorption isotherms of these compounds from solution
were characti.ized. The concentration of the solution was aajusteo for maximur coverage on
the alumina. The adsorbed molecules were then optically pumped and surface emission
was monitored. Results of the optically detected magnetic resonance studies indicate
that information regarding possible orientation might be obtained by this technique.

Address of Nshmura: Department of Chemistry. Westmont Colleqe, Santa Barbara,

Califoria 93108
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TF9. (4:18)

INFRA RED OPTICAL DOUBLE RESONANCE SPECTROSCOPY OF 1)2*

R. E. MUENCHAUSIN AND G. W. HILLS

This preliminary work demonstrates the utility of the infra red optical double resonance

technique (IODR) in the investigation of the optical absorption spectrum of ND2 in the region

5400-6250 A.

A CO2 gas infre red laser pumped ortho rotational transitions within x B , 5-5, FI-F 1
2 Fithpbad12 18 j 05 12N

and 2 12-21' F2-F in the band using the C 02 P(10) line at 1076.578 cm
- 

and C 02 R(26)

line at 1082.302 cm respectively. A counter-propagating CW dye laser was tuned through bands
ofth 

2
A14- 2612

of the A 2 -- X visible system and the IODR signals were detected as changes in the

fluoresence at the IR chopping frequency.

IODR signals corresponding to decreases in fluorescence were observed for optical

transitions from both directly pumped (3-level) and collisionally linked (4-level) ortho

rotational levels in X (0,0,0). Increased fluoresence IODR signals were also observed in both 3-

and 4- level schemes for optical transitions involving ortho rotational levels in X (0,1,0).

In addition to simplification of the optical spectrum, which facilitates assignments,

observation of IODR signals was used to investigate a perturbation involving the 111 7 (0.12,0) J
level by accurately locating the perturbing level. This study illustrates how the specificity of

the IOOR technique, in selecting a particular rotational level within a dense manifold of levels,

can be utilized.

*Research supported by the National Science Foundation under grant CHE-8111131

Address: Department of Chemistry, University of North Carolina, Chapel Hill, N.C. 27514

TF10. (4:35)

OPTOGALVANIC SPECTROSCOPY IN LOW PRESSURE DISCHARGES WITH COLOR-CENTER AND DYE LASERS

R. D. MAY, Z. ZHU, AND G. W. HILLS

Rydberg-Rydberg transitions in hollow cathode discharges through pure Xenon and Krypton

gases have been observed using an F-center laser. Signals of both positive and negative

polarities are seen and can be explained in terms of laser ;nduced effects on the steady state

ionization processes occurring in the discharge. Optiralvanic signals are also observed in the

3650-3780 cm
- 1 

region in a low current discharge in pure CO2 using the F-center laser. Work is

currently under way to identify this spectrum.

Transitions in the visible region have been observed in an rf dischage in CH2CO but are

apparently not due to CH 2. Current investigations are directed at attempts to detect other free

radicals in rf or dc discharges using tunable IR and dy lasers and optogalvanic detection.

This research was supported by the National Science Foundation under grant CUE-8111131.

- Address: Ky and Hills, Department of Chemistry, The University of North Carolina, Chapel Hill,

N.C. 27514

Address: Zhu, Department of Physics, Dalian Institute of Technology, Dalian, Liaoning 116024,

CLoa.
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TF 1. (4:47)

Laser Induced Fluorescence Spectra of Free-Jet Cooled Organic Free
Radicals - Vinoxy, Cyclopentaoienyl, and Benzyl

M. C. Heaven, Terry A. Miller and L. DiMaurn.

The organic free radicals, vinoxy, cyclopentadienyl, and benzyl,

have been produced in situ in a free jet expansion by excimer laser

photolysis of suitable precursors. Rotationally resolved, laser

induced fluorescence spectra, obtained downstream of the photolysis,

show the gaseous radials are cold (- IO°K). Details of the

rotational analyses will be presented.

Address of Heaven: Department of Chemistry, Illinois Institute of

Technology, Chicago, Illinois 60616.

Address of Miller and DiMauro: Bell Laboratories, 600 Mountain Avenue

Murray Hill, New Jersey 07974.

TFI2. (4:39)

DIRECT OBSERVATION OF 3. STATES OF THE Na MOLECULE BY OPTICAL-OPTICAL

DOUBLE RESONANCE g 2

LI LI and ROBERT W. FIELD

Six Na2 vibrational levels of 3 nog symmetry have been observed near
34000 cm

-I 
by Optical-Optical Double Resonance (OODR) fluorescence excita-

tion spectroscopy. Na 2 molecules were excited from the XlE + state, using
a single-mode cw dye laser, to singlet-triplet mixed J,13,11, or 15 levels
of the b

3
fouv=24-AIZu

+ 
v=22 perturbation complex.

1  
OODR transitions into

the 
3 
log levels were detected by monitoring Fog-a

3
%u+ fluorescence near

430 nm as the wavelength of a second cw dye laser was scanned.

The levels observed
Tvo Bv

v* 33761.86 cm
-1  

0.0601 cm
-

v* + ln 33868.19 0.0583
v* + 2n 33971.95 0.0567
v* + 3n 34072.88 0.0559
v* + 4n 34171.04 0.0549
(n = 1 or 2)
v** 34134.16 0.0794

belong to two 
3
nog states. The triplet character of these states was

evident from the greater intensity of OODR excitation out of levels of
predominant b

3
flu (extra lines) rather than AlIu+ (main lines) character.

The 
3f0 assignment was based on the absence of Q branch lines.

J.B. Atkinson at al., Chem. Phys. Lett. 87, 92 (1982), (tentative
v5 assignment).

Address of Li Li: Qinghai Institute of Salt Lake, Academia Sinica,
Xining, China.
Address of Field: Department of Chemistry, Massachusetts Inr itute of
Technology, Cambridge, Massachusetts 02139.

I
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TGi. (2:15)

SOME MICROWAVE AND INFRARED OBSERVATIONS ON THE METHANOL C-O STRETCH STATE

R.M. LEES*, P. MCGHEE, R.R.J. GOULDING AND I. MUKHOPADHYAY

Several microwave transitions of the J =.2-I vt =0 a-type multiplet in the
excited C-O stretch state have been observed for C113O.- Also, a number of the
k =1 asymmetry doublets of the A torsional species in the vt = 1 torsional state
have been identified in the P and R branches of the diode laser spectra of the
C-O stretch bandi and in Fourier transform spectra of this band obtained from
the Herzberg Institute of Astrophysics. The measured frequencies will be
discussed in terms of the molecular constants, in particular the set of
constants plus empirical corrections proposed by Henningsen.

2  
In addition,

comments will be made on the IR-IR 3-level double resonance observed with the
9P(34)CO2 laser line by Drs. R.R. Dasari and M. Feld at the Regional Laser
Center, M.I.T., which confirms Henningsen's (nTK) = (125) assignment for the
pumped CH3OH transition, and on Henningsen's suggested identification of the X
state with the in-plane CH3 rock.

IJ.P. Sattler, W.A. Riessler and T.L. Worchesky, Infrared Phys. 19, 217-224

(1979).
2
J.O. Henningsen, J. Mol. Spectrosc. 85, 282-300 (1981).

Visiting Scientist, Regional Laser Center, M.I.T., Augu:t, 1982.

Address: Department of Physics, University of New Brunswick, Fredericton,
N-ewBrunswick, Canada E3B 5A3.

TG2. (2:32)

FOURIER TRANSFORM INFRARED SPECTRUM OF METHYLAMINE FROM 50 -125 CM
-1

M.S. MALGHANI, R.M. LEES AND R.T. ADSETT

The far infrared spectrum of CH3NH2 has been obtained in the 50 -125 cm-1

region at 0.02 cm-
1 

and 0.005 cm-
1 

resolution using Dr. J.W.C. Johns' Bomem
Fourier transform spectrometer at the Herzberg Institute in Ottawa. Of the
numerous well-defined R-branches present in the spectrum, we have so far identi-
fied most of the (J+l,k+l) -(J,k) c-type series with Ik[ values from 7 to 14 for
the A

a 
and Ea torsion-inversion syimetries. The corresponding Q branches are

weak, and few have been observed directly in the spectrum. By extrapolation of
the R branches back to the origin, we have obtained Q-branch origin frequencies
with estimated 0.03 cm

-1 
accuracy to fit to the customary semi-empirical model

containing various distortional constants. The results of our filtered least-
squares fit to the extrapolated infrared and available microwave data will be
reported.

Address: Department of Physics, University of New Brunswick,

Fredericton, New Brunswick, Canada E3B 5A3

TG3. (2:4S)

MICROWAVE SPECTRA OF PERFLUOROETHYLENE OXIDE

J. AGOPOVICH, C. GILLIES, AND T. RAW

The microwave spectrum of oxygen-18 enriched perfluoroethylene oxide was investigated in
the region of 26.5 to 40 GHz. The groundstate rotational constants (MHz) are A - 4234.51,
8 - 2518.13 and C - 1949.79. Vibrationally excited states of the normal isotope and the carbon
13 species in natural abundance are currently being studied. These data will be related to
infrared assignments and the isotopic work will be used to discuss the molecular structure.

1
N.C. Craig, Spectrochimica Acta, 28A, 1195 (1972).

Address of A vich: Charles Stark Draper Laboratory, 555 Technology Square, Cambridge,
Iess-chuse ts, 0273,N
Address of Gillies and Raw: Department of Chemistry, Rensselaer Polytechnic Institute.
Troy, New York, 12181

• mmml-- m mmm mmm mmm m,.mmlm41m
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TG4. (3:J )

MICROWAVE SPECTRA OF TRANS-l,2-DIFLUOROETHYLENE OXIDE

G. LABRECQUE, J. AGOPOVICH, AND C. GILLIES

The microwave spectra of trans-i,2-difluoroethylene oxide was investigated in the region
of 26.5 to 40 GHz. A fit of the near-prolate w -type spectrum gave the following rotational
constants (MHz) for the ground state normal isotope: A = 14731.47,8 = 3582.85 and C 

=

3222.44. The electric dipole moment was measured to be ub = PT = 1.11D. The dideutero spe-
cies, rCDTC6, and the oxygen-18 species, CHFCHFIdO, have been assigned and presently work
is in progress on the carbon-13 isotopic 3ssignment. The isotopic data will be used to dis-
cuss the molecular structure.

Address of LaBrecque and Gillies: Department of Chemistry, Rensselaer Polytechnic Institute,
Troy, New York, 

12181.

Address of Agopovich: Charles Stark Draper Laboratory, 555 Technology Square, Cambridge,
Massachusetts, 02T.

TGS. .3:35)

MICROWAVE SPECTRUM OF CH 2 DSH

CHUN FU SU AND C. RICHARD QUADE

Last year at this meeting we reported our preliminary results tor
the torsional-rotational spectra of CH2 DSH and CHD,SH. At the current
meeting we will report additional data tor CH SH ind the results of our
analysis. The Hamiltonian for the analysis o? the spectroscopic data for
the three substates of the torsional ground state has the form

H.r = A.Pz
2 

+ B. Py
2 + 

C Px
2 

+ NJ(J+I)K
2 

+ d 22(J+1)2 + C,.
He 1 '01 = Q'Pz + D'(P P +P P ) + E'(PxP+PzPa x y y x (Pxz+Pax)

The spectroscopic coefticients as determined by a least squares fit are

A = 86040 MHz A = 86481 MHz A = 8o070 MHze e 1 o

B o = 12120 B = l183b B = l1849

Ce
0 

= 11430 C e = 11638 Co0 = 1i62q

= 0.23 = - 3.99 o = 3.00

= 0.039 e = 0.176 = -0.03

= 12830MHz V 3 = 449cm-
I

Q' = 4400 V1 = 10

D' = 40

Address: Department of Physics, Texas Tech University, Lubbock, TX 79409

TG6. (3:52)

HIGH RESOLUTION SPECTROSCOPY OF VIBRATIONALLY EXCITED FLUOROFORI4-D BY HETERODYNE FREQUENCY
MEASUREMENT OF SHMW LASER EMISSION

M. S. TOBIN, R. P. LEAVITT, T. W. DALEY, AND 'i. 0. TRUEHEART, JR.

Submillimeter wave laser action as Len previously reported' in deutersted fluoroform
(CDF 3 ) which is optically pumped by a OD laser. In this paper, accurate heterodyne measure-
ments are reported for the frequencies oi 21 of these laser emissions. Nineteen of these lines
can be assigned to the v degenerate vibrational state. The data were fit with a theoretical
expression for the frequanctes containing terms up to sixth order in J and K and also containIng
all important i-doubling effects. The quality of the fit was excellent, yielding accurate
values for mny of the molecular constants of the v state.

IN. S. Tobin and R. D. Feloek, Opt. Lett. 5, 430 (1980).

Address of Tobin, Leavitt, bley, and Trueheart: U.S. Army Electronics Research and Development
Commnd, Harry Diamond Laboratories, 2800 Powder Mill Road, Adelphi, MD 20783
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TG7. (4-04)

ROTATIONAL SPECTRA OF 16-17-16 AND 17-16-16 03

E. A. Cohen and H. M. Pickett

The rotational spectral and hyperfine structure of 16-17-16 and 17-16-16 03 have been
observed and analysed. The spin-rotation tensors of both molecules are characterized by large
values of Maa. These are 172(14) kHz and 257(9) kHz for the 16-17-16 and 17-16-16 species,
respectively. The spin-rotation and quadrupole tensors will be discussed in terms of a simple
molecular model.

Address of Cohen and Pickett: Jet Propulsion Laboratory, California Institute of Technology,
Pasadena, CA 91109.

TG8. (4;16)

ROTATIONAL SPECTRA OF VIBRATIONALLY EXCITED OZONE

H. M. Pickett and E. A. Cohen

Many new lines of vibrationally excited ozone have been found in the spectral region from
8 to 300 GHz. Lines for the (010) and (020) states are fit to a Watson S-type Hamiltonian.
Lines for the (100) and (001) are fit using an interacting states !nodel. Work is in progress
to make a combined fit nf microwave and infrared lines for (100) and (001) to an accuracy
consistent with both data sets.

Address of Pickett and Cohen: Jet Propulsion Laboretory, California Institute of Technology,
Pasadena, CA 91109.

TG9. (4:28)

MICROWAVE SPECTRA AND STRUCTURE OF METYLGERMYL CYANIDE

A. B. MOHAMAD AND J. R. DURIG

The microwave spectra of CH3
70

GeH2CN, CH3 
72
GeHCN, CH3

74
GeHZCN, CH3

7 0 GeD2CN, CH3
72GeD2CN

and CH3
7 4

GeD 2 CN have been recorded in the K-band region. Only a-type transitions have been
observed and R-branch assignments have been made for the ground vibrational state. The v
structural parameters have been obtained using the diagnostic least-squares adjustment to fie
the rotational constants. These results will be compared to the corresponding quantities in
some similar molecules.

Address: Department of Chemistry, University of South Carolina, Columbia, South
Carolina, 29208.
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TC10. (4:40)

OBSERVATION OF VISIBLE ABSORPTION IN THE FOURTH OVERTONE
OF THE OH STRETCH IN GASEOUS CH 3 OH

G.O. Brink

Several absorption bands corresponding to the fourth overtone
of the OH stretch have been observed in the visible portion of
the spectrum in gaseous methanol. The technique used is that
of dye laser intracavity absorption in which an absorption cell
containing the sample is placed inside the cavity of a tunable
dye laser. The laser is repetitively scanned in wavelength, and
its output observed by means of a 3 meter spectrograph and an
optical multichannel analyzer.

Several bands are observed in the vicinity of 600 nm. At
the spectral resolution used no structure is observed in these
bands, and they appear to be about 0.15 nm wide. They are
anomalously strong which is probably due to the clustering of many
unresolved rotational levels. Their strength is comparable with
water vapor absorption in this spectral region. Attempts are
being made to determine their strength absolutely by comparison
with absorption in an atomic beam of sodium.

Department of Physics and Astronomy
State University of New York at Buffalo
Amherst, NY 14260
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THI. (2:15)

A KINETIC STUDY OF THE THERMAL DECOMPOSITION OF 2,2,4,4-

TETRAMETHYLCYCLOBUTANEDIONE USING TIME-RESOLVED FTIR

DAVID LATHAM, J. BAIARDO, R. MUKHERJEE, S. PASZYC, AND M. VALA

Spectroscopic methods have been used for years to follow
chemical processes. We have used FTIR spectroscopy to follow the
thermal decomposition of 2,2,4,4-tetramethylcyclobutanedione
(TMCBD) into one of its products, dimethylketene (DMK). This
process is too fast to be followed accurately by standard IR
spectroscopic methods. Using the time-resolved Fourier transform
technique, many spectra can be collected in a very short period
of time. This allows us to calculate the standard kinetics
parameters by following the integrated peak areas of the TMCBD
and DMK as a function of time.

DEPARTMENT OF CHEMISTRY
UNIVERSITY OF FLORIDA

GAINESVILLE, FLORIDA 32611

TH2. (2:32)

FOURIER TRANSFORM INFRARED SPECTRA OF 2NH3 .D2 0 and 2ND3.H 20, at 15'K

John E. Bertie and J.P. Devlin

2NH3.D20 and 2ND3"H 20 have been made by mixing the protonated and deuterated species J
as they condense onto a cesium iodide plate at -BOOK, and crystallizing the consequent glass

at 120
0
K. ND3 has been incorporated at low concentrations into 2NH3 .D20 and NH3 .H20, as has

NH3 into 2ND 3 .D2 0 and D2 0 into 2NH3 .H20. The mid-infrared spectra of these samples at 15
0
K

and temperatures up to 80
0
K provide information about the low-temperature phase and the

lambda, specific-heat, transitions at 51.6 and 53.3
0
K.

Address of Bertie: Department of Chemistry, The University of Alberta, Edmonton, Alberta,

Canada, T6G 2G2.

Address of Devlin: Department of Chemistry, Oklahoma State University, Stillwater, Oklahoma,

U.S.A. 74074.
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TH3. (2:4)
VIBRATIONAL SPECTRA OF SOLID CF3 CZ, CF2 C 2 AND CFCk.j

D. D. FONTAINE AND G. E. LEROI

In order to derive information pertaining to the crystal symmetries of the chloro-

fluoromethanes, for which diffraction measurericts have not been reported, we have

obtained far infrared and Raman spectra of solid CF3 Cz, 'f-2C12 and CFCZ 3 . Spectra have

been observed between 13-130*K; no evidence of phase CIaAes for any of these halomethanes

over this temperature range is noted.

The lattice spectra are consistent with crystal struzzures which vary smoothly12

between the low-temperatureforms of CF (P2i,',=.4) Ii CC).4 (C2/c,:=32). 2 .Mutual

exclusion between infrared and Raman activity is f .und, expected for centric unit

cells. The symmetry-forbidden a2 fund.;..riat'. s t c ''2 is observed in the infrared

spectrum of the crystalline solid, which inJicate 3 . .t symmetry lower than the C2v

molecular symmetry. Three infrared peaks are obsev-i fo- the v4 (aI) mode; they are

interpreted in terms of the Ck isotopes it. ratural aburadance. Implications of the

spectroscopic observations on the crystal syma ctri, .-f solid CFC, CF 2 CE.2 and CFC 3

will be discussed.

Molecular packing considerations
3 

have lso -.c'i a,,plid to these crystals. The

resultant molecular geometries have been emp:'-d in "-tt.ce dynamics calculations

for the chlorofluoromethanes, which w-.L ai. Lcit,:.-ue2.

Research support.'d in part by the U. !. ,.,ntonal ac er.t Foundation.

IR. Powers and R. Rudman, J. Chem. Phy , 162 5 .11- ).
2S. Cohen, R. Powers and R. Rudman, A.ta C%,s':. 8_,5, !,''O (1979).

3D. E. Williams, PCKS/PCK6, QCPE IZ, 37 1 iJi;_.

Address of Authors: Department of Chemistr) '. 'Lc[i:. State University, East Lansing,
MI 48824.

TH4. (3:0()

FAR INFRARED SPECTRUM OF THE LOW-TEMPERATURE PHASE OF SOLID CCZ,4.

D. D. FONTAINE AND G. E. tEROI

The structure of the low-temperature form (phase II) of solid CC- 4 has he'., determined

from X-ray diffraction
I 

to be monoclinic, space group C2/c, with 32 molec%,ies per unit

cell. A "reduced" cell with Z=4 has been invoked to interpret previous far inf:arel

spectra,
2 

and the reported Raman spectra are not inconsistent with the simpler cell.

We have obtained (interferometric) far infrared spectra of solid (II) CCt 4 "' the 13-80*k

range which show at least 13 peaks at the lowest temperature. These are th.- r1r.;C n*,.C.ro-

scopic results which are consistent only with the established crystal st-*turc.

Atom-atom intermolecular potentials of the Lenard-Jones form havc bee;. prtopsc. fl,-

the liquid and solid cubic (Ia) phases of CC.
4 

The applicability of tra'se pntet4as

for lattice dynamics calculations of the low-temperature solid phase (i1 of CCL .;il

be described.

Is. Cohen, R. Powers and R. Rudman, Acta Cryst. _35, 1670 (1979).
2
A. Anderson, B. H. Torrie and W. S. Tse, Chem. Phys. Letters 61, 119 (1979j.

3P. J. H. Clark and B. K Hunter, J. Chem. Soc. (A) 1971, 2999 (1971):
H. F. Shurvell, Spectrochim. Acts 27A, 2375 (1972).

4
R. kighini and M. L. Klein, Che%. Phys. Letters 87, 604 (1982);

1. R. MacDonald, D. G. Bounds and M. L. Klein, oT. Phys. 45, 521 1962,.

Research supported in part by the U.S. National Science Foundation.

Address of Authors: Department of Chemistry, Michigan State University,
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TH' 1. (3.30)

IKSRFI1 Cr METAL. 4B0LJEl)LEh AT 40

4~.-J. V04 /.E, C.A. AAI)4ANN, AN)) W. WV.,T'wEt, J.i

Natiral Cr (I1 0) and 5 AiCr (I1 3/2) (o3nriched to 4691m) meta Wert,

vapori ted ani trappu-i in neon and ,trgon matricos at 4'X. X-band ENII spectra

)not t ned at least 1. in, I' t rlc tiir. li na btelong ing to two mlca1 ,besidles.

those due to Cr itoms. flypt-rfin ;lu al itt ing pat terns showul tha t fCr, was not

observed, suipporting the assign-nfrlft fIt its grotind stat', as E

Tentative analys is of thv 1)pet rL i nd irates that both molectiles are of

high spin with the 4npiaired electrons i-n each inte'racting almost onftirely with

one %,r nulc leus. 1 ight l ines can be detinite ly ass ignled to onle axial molecule

(perhaps Cr4 with C 3 v symmetry) and can be fit to within 3G with the following

parameters: S = 3, g.L 1.9970(2), gil = 1.9996(5), IDr = 0.1103(3) cm- 1
, JA,

( tn ique 5Cr) i = 71.13(14) M4
1z. The rernainiqg tines appear to belong to an

axial molecuile with S = 4 or 5, which coild he a slightly bent Cr3 with C2,,

symmettry, in essential agreement with the Raman work of ;)iI,elLIa, et al. IOnly
the spectrurn of this mol.cu.le appears in !irgon matrices.

1
D.P. iOilta, W. Limm, 1.1. Ilipson, 'i. 'oskovits, and K.V. Taylor,

1. Chem. Phys. , 77, 5263 (1982).

Address *f Van Zee and Weltner: Department )l Chemistry, University of
Florida, Gainesville, P1. 3P26 11

Address of Hlauman: Department of Chemistry, Indiana University, Bloomington,
IN4 47405

TH' 2. (3:47)

ESR OF PSEUDOROTATING 6 Li AND 7 Li

D. A. GARLAND AND D. M. LINDSAY

ESR spectra assigned to pseudorotating 'L i, and 'Li, molecules have been produced by
arc lamp photolysis of argon matrices doped with isotopically enriched '11 or 'Li. The
spectrum of 'Li, consists of 7 equally spaced first derivative transitions with relative
intensities (1.1:3.3:6.2:7.0:5.7:3.0:1.1) in good agreement with the expected values for 3
equivalent I - 1 nuclei. The measured hf constant and g value are <a> - 12.21(1) G and

=2.00282(1). The absence of a "stationary" trimer spectrum suggests that the ground
vbronic state of Li, is non-localized as predicted by ab initio cal culations.tI The total

isotropic spin population of the trimer (Ep 0.68) sug-ests that the unpaired electron
wave function has an approximately 30% p-character. A comparison of the orbital composition
of H, MN,, ( 11 . Li, Na, K) shows (1) a diminishing s-character with increasing cluster
size, (fi)"aremarkable similarity between Ma and K cluster for all sizes, and (iii) a
markedly smaller s-character for Li clusters.

W.N. Gerber and E. Schumacher, .j. Chem. Plays. 69, 1697 (1978).

Address of Garland adLdsay: Department of Chemistry, City University of New York.
The city College, ConvWent Kve at 138th St., N.Y., N.Y. 10031.
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TH'3. (4 :04)

TWO-PHOTON SPECTROSCOPY OF Cu' IN ALKALI HALIDE HOST CRYSTALS

Stephen A. Payne, Andrea Goldberg and Donald S. McClure

The 3d-4s transitions of Cu* become, in cubic host crystals, lAlg- *Eg 'T2g as well as
several singlet-triplet transition. Two-photon spectroscopy is capable of clearly separating
the overlapping 

1
E and iT2. spectra by virtue of the polarization selection rules. In cases

where the Cu. ion Yies off-center in its halide octahedron (KCI:Cu ), the two-photon spectra
show bands with mixed symmetries. In a series of alkali chlorides, the crystal field and
Jahn-Teller parameters have been determined and compared. In addition, the average extent to
which the Cu+ departs from the center can be inferred from the spectra.

Department of Chemistry, Princeton University, Princeton, New Jersey 08544

TH'4. (4:2)

EXCITED STATE DYNAMICS OF Cu+ IN NaF HOST CRYSTAL

Andrea Goldberg, Stephen A. Payne and Donald S. McClure

The one- and two-photon spectra of NaF:Cu
+ 

showed a zero phonon line and a progression of
the tlu mode (Cu

+ 
moving off-center) in the 'Al g"E , "T2 transitions at 2*K. The spectra

have been fitted with a 3-dimensional mixed uartic-Rarmon c potential including a crystal
field term. The increasing widths of successive members of the progression are related to the
increasing density of states of the NaF lattice. Coupling of the tl, mode to the Jahn-Teller
potential in the E state has clearly observable effects. Other aspects of this unusual
example will be discussed.

Department of Chemistry, Princeton University, Princeton, New Jersey 08544

TH'5. (4:35)

ZEEMAN SPLITTING OF THE PHOSPHORESCENCE OF PALLADIUM-PHTHALOCYANINE
IN A SHPOLSKV'I MATRIX

W.-H. Chen, K.E. Rieckhoff, and E.-V. Voigt

The Zeeman splitting In the lowest phosphorescence state of palladium-
phthalocyanine In a Shpolski'i matrix of mixed m-chloronaphthaiene and
n-octane at 20 K is reported. The evidence shows that this state is indeed
a triplet and that In zero magnetic field the unperturbed component Is
about 0.7 cm higher than the field sensitive degenerate pair. A g-factor
of about 2.4 is calculated from the splitting which Indicates that the
states are not pure spin states.

Address: Departments of Chemistry and Physics, Simon Fraser University.
Burnaby, British Columbia, Canada, VSA IS6

TH'6. (4:50)

THE EFFECT OF PRESSURE ON MOLECULAR RYOBERG TRANSITIONS

J.L. ADOLPH, D.L. BESTWICK AND J.D. SCOTT

The effect of certain external perturbations on the absorption spectrum of a molecular
sample can be measured as

A P() E r C dj[A-(V)/]/d0J
J-0

where AP(0) and A() are the absorption curves with and without perturbation and the Cj's are
coefficients dependent on the nature and intensity of the perturbation. If these coefficients
can be expressed in context of molecular-structure parameters then direct contact between
experiment and molecular properties may be made.

We shall discuss a van der Waals Interaction model we are developing to account for the
effect a high-pressure non-absorbing gas has on the absorption bands associated with Rydberg
transitions of various molecular species. The specific system we use as an example is the
first s-Rydberg transitions of methyliodide (CH31) in the presence of SF6.

Address: Department of Chemistry. University of Montana, Missoula, MT 59812.
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WEI. . 0)

HUND'S COUPLING CASES AND TETRAHEDRAL SPLITTINGS IN ROTATIONAL LEVELS OF ELECTRONIC 2F2

STATES IN ND 4

G. HERZBERG AND J. T. HOUGEN
-I

The Sch(ler band of the Rydberg radical ND0 lying near 14 800 cm is presumed to arise fro.,
the (5s)

2
A1 - (3p)

2
F2 transition, where identification of the lower state rest* in part upo,

the isotope-independent 6 cm
-
1 spin splitting observed between a pair of heads in emission

spectra photographed for both NH14 (diffuse) and ND4 (sharper).

Any attempt at a detailed rotational analysis of this spectrum requires a knowledge of
rotational levels in a tetrahedral molecule exhibiting both spin-orbit interaction and
tetrahedral splittings. Such rotational levels can be determined relatively easily by
combining with suitable modifications the usual CH4 vibration-rotation Hamiltonian and the
usual NO spin-orblt and spin-rotation llamiltonian. The principal qualitative effects of
these interactions on the rotational levels will be described and some examplea of stick
spectra calculated from a computer program with appropriate matrix elements in a D2d basis
set will be shown.

Unfortunately. even with this program, the Schller band has to date eluded unambiguous
assignment, and the extreme overlapping of lines in the region of the two heads my
ultimately preclude more than a qualitative theoretical fit of the observed data.

Address of Herzber&: Herzberg Institute of Astrophysics, National Research Council of
Canada. Ottawa, Ontario, Canada KIA OR6.
Address of Hougen: Molecular Spectroscopy Division. National Bureau of Standards,
Washington, DC 20234, USA.

WE2. (1:47)

LOCAL MODE BEHAVIOR IN THE STRETCHING OVERTONES OF GERMANE

A. G. ROBIETTE, A. S. PINE, AND S. J. DAUNT

The Ge-H stretching overtone band near 4155 cm 
1 

has bean recorded with Doppler-limited

resolution, for both natural GeN4 and enriched 
74
G'H4 , using a difference-frequency spectrometer.

The structure has been analyzed in terms of a closely-coupled A1 + F2 pair of bands for each

isotopic species. The vibrational modes are best described not as 2v1 . v 1 + v3 or 2v3 levels but

rather as a (2000) local mode cluster. The rotational coupling between the A1 and F2 substates

leads to a complex spectrum, which has been successfully modeled and fitted to around J-10 to 12.

Over 1650 assignments for the five isotopic species have been fitted with a standard deviation

of around 3*10
-
4 cm

1
.

Address of Robiette: Department of Chemistry, University of Reading, Whiteknights, Reading.
England RG6 ZAD.

Address of Pine: Molecular Spectroscopy Division, National Bureau of Standards, Washington.
U.L. 202'4. "

Address of Daunt: Department of Chemistry, Concordia University, Montreal, Quebec, Canada
H3G 1MB and Molecular Spectroscopy Laboratory, Department of Physics end Astronomiy. University
of Tennessee. Knoxville, Tennessee 37996-1200.

4C-
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WE3. (2:04)

COMBINATIONS AND OVERTONES OF CF4

A. S. PINE AND A. G. ROBIETTE

The 2v1 + v4 , 2v1 + V3 and 2v3 bands of CF4 have been recorded at T-77K with Doppler-

limited resolution using a tunable difference-frequency laser. The low temperature increases

the resolution by reducing the Doppler width and greatly simplifies the spectra by eliminating

hot bands and suppressing the population for J<40. The 2v1 + v4 band is relatively isolated

and unperturbed, and its previously unresolved Q branch has been analyzed in the diagonal

F4 coefficient approximation yielding mw2445.59644(2) cm
"1
, v=-6.54004(22)*10

"4 
cm

"1 
and

g=-2.48897(43)*10
"5 

cmrIwith a fit good to 1.1*10
"4 cm'1rms. The 2v1 + )3 bend is strongly

affected by Fermi resonance with 2v1 + 2v 4, and this resonance is presently being analyzed.

The 2v3 spectrum shows a dominant F2 component, but Coriolis coupling to the E component is

also important in determining the detailed rotational structure. One striking feature of

2u3 is a high J subband-head within the Q° branch which had been mistakenly identified as the

band center in prior lower resolution studies.

Address of Pine: Molecular Spectroscopy Division, National Bureau of Standards. Washington,
D.C. 20234.

Address of Robiette: Department of Chemistry, University of Reading, Whiteknights, Reading
England RG6 ZAD. i

WE4. (2:21)

1 INE STRFNUTS UF THE 2 AND 14 IANDS (If 12CH 4

H.[OE t and J.C.IlIlCU

Using a tonsorial formalism in the Id group. we have

determined all the vibration-rotation operators of the dipole moment of

X54 n,olecules, up to any order of upproximation (1]. This general forma-

lism is available for anv transition between vibrational sublvei of

whatever symmetry. It can be used for the analkss (if Isolated band!; and

for the analysis of interacting bands as well, the t .,orv will be applied

to the analysis ot rovibrational line strengths of the two bands V2 and

v4 of 12C1 4 alone and as a polyad. on the basis of a ! econd order expan-

sion of the dipole moment.

five operators are needed to analyse the strengths of

the isolated v band. It will be shown that the empirical Hermann-Wallis

polynomial is not adapted to this problem, especially in the case of the

"forbidden" lines. The I.R "forbidden" v 2 band has been analysed as an

isolated band with two operators.

As pointed out by many authors, the best model for

these two interacting bands is the diad scheme. On this basis., we have
also analysed the line strengths with the adapted second order expansion

of the dipole moment. The physical meaning of the obtained parameters,

which depends on the used scheme, will be also discussed.

U1] f.LUETE. Can. J. Phys., in press.

Address of LOUIE and HILICU Laboratoire de Spectronomie tfolfculaire

6, hd Gabriel. 21100 DIJON

41A.
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liE5 (2:33)

lilt LiRE I ICAI AND LXPIR [MFNIAL SIUDN OF LINE STRENGTHS IN THE v - v4 HOT
hAN) Ui HE T HAN[

J . C. F( I1 CU , N I Ut IfI and I . R. hRIRvN

The "3- v4 hot banid of metLhane is one of the main
ab!-orhinj features in the 5-6 Lim region which corresponds also to the v 2
R-hrzorh. Absolute intensities of rotational lines of this band have been
iii-sured and then analy!;ed (in the basis ol the general expansion of the
dipole moment. operator in XY mo lecules [11. using both spherical and
tul rahedral formalivm.

It will be shown that the first term (in q3 C14) in the
trnsformed dipole moment operator is not sufficient and that the three
firrit order intensity parameters are necessary to reproduce the observed
trcnyths. Using the spherical scheme, the usual assumption that (J,R,C,n)

are "good qulantujm numbers" in the two involved vibrational levels (v3 m1)
aid fv 4 = 1) (2) is also found to be not sufficient.

)11 tA.LOtEI. J. Can, Phys., in press.
[21 t.VASCAUD arid tM.OANG-NIU, J. Itol. Spectrosc. 69, 141-158 (1978)

Address; of HIl. lCO and tLEF : Laboratoire de Spectronomie Mol16cUlaire
6. R~d Gabriel. 21100 DIJON

Address of I .R.IROIIN : Jet Propulsion Laboratory
California Institute of Technology

PASADENA, California 91109I

WE6. (2:45)

THlE A~NHARMONIC CONSTANTS AND FORCE FIELD OF SF6

B. J1. KROHN, Rt. S. McDOWELL, 3. L. LYMAN, AND 3. OVEREND

A large collection of combination and difference band@ of SF6 has been analyzed to
determine new values for several anharuonic consent* of SF6. These constants are then used to
predict positions of hot bands and to synthesize the absorption contours in the VS and V,,
regions. A Morse-Urey-uradley force-field model is constructed which reproduces the values of
eight observed stretching anharmonicities with an r.a.a. deviation of less than 20Z.

Addres ofMc~oellLyma. and 1rohn: University of California, Los Alamoa National Labora-
Tory, Los Alamos, Nes Meico, 8_7545.

Address of Overend.: Department of Chemistry, University of Minnesota, Minneapolis, M0.,* 554~55.

WE7. (3:15)

PERTURBATIVE APPROXIMATIONS IN THlE ANALYS IS OfFUNDAMENTAL BANS OF SPIIURICAL-TOP MOLECULES

B. J. 130MW AND J. K. C. WATSON

To calculate high-J fine-structure lines in fundmental banda of spherical tops, one can
usually replace the diagonalization of the flamiltonian by a second- or third-order a rox ma
tion. The new formalism uses an ezansionfin pow-e and products of the diagon4 lRT F()-ad
F(s)-coefficients of Noret-Beilly. The fit to diode spectra attains about the same accuracy
as the analysis that incorporates diagonalization, and the wet of derived parameters agree
cltosly in value. Results will be discuses-I for the fundamental bands Of hiF1 , where the
theory converges rapidly for the V3 band and more slowly for the v., band.

IJ. Moret-ailly, J1. Mol. Spectrosc. 15, 344-354 (1945).

Address of Krohn: University of Ca~lifornia. Los Alama National Laboratory. Theoretical Divi-
sion, Los Alsmos, New Mexico 87545.

Address of Watson: Nerxborg Institute of Aatophysice, National Research Council of Canada,
Ottawa EIA 036, Canada.
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WE8. (3:32)

DIODE AND DIFFERENCE-FREQUENCY LASER SPECTRA OF CUBANE

A. S. PINE, A. G. MAKI, AND A. G. ROBIETTE

Two of the three infrared-active fundamentals of cubane (C8 8 ) have been studied at near-

Doppler-limited resolution using tunable laser instruments. The complete spectrum of the C-H

stretching band, v10 , near 2990 cm
-I 

was recorded with a difference-frequency system. The

rotational structure of this band is extremely complex, indicating a strong second-order

Coriolis resonance with a close-lying A2u vibration. Portions of the C-C stretching band,

v12 , near 852 cm
"1 

were recorded with a diode laser. The structure in this band Is much simpler,

allowing for its analysis as a relatively unperturbed spherical top fundamental. The diagonal

F4 approximation fits the R(45) to P(16) region to within the Doppler width, but off-diagonal

corrections are indicated for higher J P-branch lines.

Address of Pine and Maki: Molecular Spectroscopy Division, National Bureau of Standards.
Washington, D.C. 20234.
Address of Robiette: Department of Chemistry, University of Reading, Whiteknights, Reading,
England, RG6 2AD.

WE9. (3:44)

ORDER, DISORDER, AND CLUSTERING IN ROTOR SPECTRA: A COMPARISON OF SPHERICAL AND
ASYMMETRIC TOP DYNAMICS.*

W. G. HARTER, AND C. W. PATTERSON

The techniques used to elucidate spherical top spectral clustering effects
I 

can
be applied to other types of polyatymic molecules including those of low symmetry.
Dynamical effective energy surfaces , can be drawn using the molecular constants in
a general rotor Hamiltonian, and the surfaces can be used to calculate and understand

the spectra and dynamics of the rotors. Spectral clustering effects such as
rotational mixing of nuclear spin species are 1 ossible in asymetric top XY2 molecules
as well as in the spherical tops XY4 and XY6. .3,4 The energy surfaces provide
simple ways to calculate, predict, or rule out many such effects for a wide range of
molecular species. We hope to show these surfaces in 3-n.

AResearch supported in part by NSF grant PHY-8207150.

1
W. G. Harter, C. W. Patterson, and F. J. daPaixao, Rev. Mod. Phys. 50, 37(1978).

2W. G. Rarter and C. W. Patterson, J. Math. Phys. 20, 1453(1979).

3W. G. Harter, Phys. Rev. A24, 192(1981).
4J. aorde, Ch. J. Eordd, C. Salomon, A. Van Lerberghe, M. Ouhayoun, and C. 0.

Cantrell, Phys. Rev. Lett. 45, 14(1980).

Address of Rarter: Physics Department, Georgia Institute of Technology, Atlanta,
Georgia 30332.

Address of Patterson: University of California, Los Alamos national Laboratory,

Theoretical Division, Los Alamos, New Mexico 87545.

51
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WEl1. (4:01)

HIGH VIBRATIONAL OVERTONES OF SPHERICAL TOP MOLECULES

C. W. PATTERSON AND W. G. HARTER

We give both a quantum and classical description of the high overtones
of spherical top molecules using a generic three dimensional potential
surface for the dipole active mode. This potential gives rise to
quas-periodic vibrational "clusters" as well as chaotic motion for various
anharuonicities and energies. We hope to show the relevant vibrational

trajectories in 3-D.

Address of Patterson: University of California, Los Alamos National
Laboratory, Theoretical Division, Los Alamos, New Mexico 87545.

Address of Harter: Physics Department, Georgia Institute of Technology,
Atlanta, Georgia 30332.

WEll. (4.iE)

COMPARISON OF THE SYMMETRIZED CARTESIAN AND ANGULAR MOMENTUM BASIS SETS
TO DESCRIBE VIBRATIONALLY EXCITED STATES IN SPHERICAL TOP MOLECULES

Harold B. Levene and David S. Perry

Analysis of the 3V3 band in two spherical tops, SF6
1 
and SI 4

2
, has shown that the

cartesian basis is an appropriate description for this band in the octahedral case, while
the tetrahedral .a'e is adequately represented by the angular momentum basis. Using
spectroscopic constants derived from force field analyses, the Flu/F2 subblocks of the
vibrational Hamiltonian matrices of the bands of four vibrational quanta and one band of
five quanta, 2V23v3, are diagonalized in each basis set for both SF6 and CF4 to extend the
comparison to more general vibrational levels.

Both bases fail to adequately describe CF4 . Examination of the relative quality of the
various angular momentum and cartesian quantum numbers suggests a hybrid basis as a better
representation of the tetrahedral case.

SF6 is poorly described by the angular momentum basis. Within a vibrational band of SF6 ,
only a component whose vibrational motion lies along a single cartesian axis is well described
by the cartesian basis. It is the lowest energy component, well separated in energy from the
remaining components because of the single bond anharmonicity. Overtone sectrocopy was per-
formed with an optical parametric oscillator in the region 2800 - 4200 cm- . Only components
well described by the cartesian basis have measureable oscillator strength.

C. W. Patterson, B. J. Krohn and A. S. Pine, J. Mol. Spectrosc. 88(l) 133-166 (1981).

2 C. w. Patterson and A. S. Pine, J. Mol. Spectrosc. 2L(U) 404-421 (1982).

Chemistry Department, University of Rochester, River Station, Rochester NY 14627.

I.
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WE12. (4:35)

GENERAL HARMONIC FORCE FIELD FOR HYDROGEN PEROXIDE

J. J. HILLMAN AND J. D. ROGERS

An iterative finite difference method has been employed to compute the complete harmonic
force field of H 0 . The derived force constants are in essential agreement with previous
calculationsl) 9sing Pulay's force method. This suggests that the chosen configurations are
well suited to determining the potential energy function of H20 . Scaling the ab lnitio force
field results in a good overall fit to the frequencies of H 0knd D 0 The interaction
force constants involving the torstonal mode are all calculitid to bi suite small, in agree-
ment with our earlier assumptiont2) that these interaction force constants are zero.

IP. Botschwina, W. Meyer, and A. M. Semkow, rhem. Phys. 15, 25 (1976).

2J. D. Rogers and J. J. Hillman, J. Chem. Phys. 75, 1085 (1g8); J. Chem. Phys. 76, 4046

(1982).

Address of Hillman: Infrared and Radio Astronomy Branch, NASA/Goddard Space Flight Center,
Greenbelt, Maryland 20771.

Address of Rogers: Environmental Science Department, General Motors, Research Laboratories,
Warren, Michigan 48090.

WE 13. (4:47)

EFFECTS OF A PERTURBATION ON THE GROUND TORSIONAL-VIBRATIONAL STATE OF HYDROGEN PEROXIDE

WM. BRUCE OLSON AND ROBERT HUNT

Assignments have been made in the sub-bands of the syinetric and antisymmetric
stretching vibrations of hydrogen peroxide arising from rotational levels of the ground
torsional state with K quantum number equal to 8. The ground state energy levels are
markedly affected by an interaction with levels of the first excited torsional state
with K equal to 6. Assignments mede in the antisymmetric stretching hot band, up to
K equal to 8, confirm this interpretation. This perturbation has lesser, but still
significant effects on other K values of the ground torsional state, and will require
some revision of the ground state rotational constants recently determined from extensive

submillimeter data 
1
,2

IW. C. Bowman, F. C. DeLucia, and P. Helminger, J. Mol. Spectrosc. 87, 571-574 (1981).

2
John J. Hillman, J. Mol. Spectrosc. 95, 236-238 (1982).

Address of Hunt: Department of Physics, Florida State University, Tallahassee, Florida,
32306.
Address of Olson: Molecular Spectroscopy Division, National Bureau of Standards, Washington,
D.C. 20234.
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WFI. (I: JU

OBSERVATION OF THE C(3/2) - X(l/2) TRANSITION IN Xe?

H. HEL, D. L. HUESTIS K. J. OYER, AND 0. C. LORKNrS

XeF(Xv-), produced by KrF laser photodIssociation of XeF2, is excited by a doubled dye-
laser to XeF(B,,) and XeF(Cv,.) and the broad-band B * A and C - A fluorescence is detected. The
B and C states are distinguished by their differing decay rates at low pressure. Through its
fluorescence excitation spectrum the C - X transition is observed for the first time. The
vibrational analysis of the C-X bands locates the C(v'-O) level at 775 cm

-
' below the B(v'-O)

level, and yields the first experimental vibrational constants for the C state (we - 346 cm
- I

and wexe - 2.2 cmI). A bandshape analysis of the C-X bands suggests that the equilibrium
internuclear separation of the C state lies around 2.45 A. Vibrational relaxation and vi'ra-
tionally resolved collision-induced dissociation of XeP(Xv..) are also observed.

Supported by the Defense Advanced Research Projects Agency under contract NOit4-80-C-0506,
through the Office of Naval Research.

Address of Helm Huestis. Dyer and Lorents: Molecular Physics Laboratory. SRI International,
Menlo Park, CA 94025

wF2. (I :45)

PHOTOFRAGMENT SPECTROSCOPY OF Cs82

H. HEL4, R. MiLLER, P. C. COSBY, AND D. L. HUESTIS

The electronic structure of Cs+ has been investigated by photodissociation of fast

molecular ions (formed by field ionization from a liquid cesur droplet) using dye lasers and
fixed frequency lines from argon and krypton ion lasers covering portions of the wavelength

range between 406 and 950 nm. The nature of the electronic transitions Is characterized through
analysis of their dependence on wavelength, polarization, and photofragment energy. Bound-free
transitions from the ground X

2 ?+ state to 12E+ (near 950 na) and to 22E+ and 2
2

Ru (406 to

530 nm) are observed, as well as predissociated bou,.d-bound transitions to 12g (770 to

810 nm). In the latter case a spin-orbit splitting of 280 cm
- I 

is resolved.

Supported by NSP Grant No. PHY 8112534

Address of Helm Hller, Cosby, and Huestis: Molecular Physics Laboratory, SRI International,
Menlo Park, CA 94025
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WF. (2:00)

ROTATIONAL BRANCH STRENGTHS FOR 02 (A
3
El .. X3Zg)

D. L. HUESTIS AND T. G. SLANGER

The forbidden A 
3 

L X3 transition in 02 consists of the expected 13

rotational branches
i 

but with relative intensities that are difficult to explain

with simple single-perturber formulas.
2  

To permit satisfactory simulation of

this important transition in nightglow emission spectra we have developed a

model that assumes spin-orbit mixing of B3Eu with A
3

+ and spin-orbit andro ta tio na la n m ix ingb i 
o f 1 1gnih Xd

rotatonalmii f with X . Destructive interference between approxi-

mately equal contributions of 3 and 
3
1,g is required to suppress the calculated

0- and S-form branch intensities. Simultaneous spin-orbit and rotational mixing

of 3ii Is required to adjust the relative intensities of the Q-form branches.

1. G. Herzberg, Can. J. Phys. 30, 185 (1952).

2. R. D. Present, Phys. Rev. 48, 140 (1935).

Supported by NSF Grant ATM-8011954.

Address of Huestis and Slanger: Molecular Physics Laboratory, SRI
International, Menlo Park, CA 94025

WF4. (2.iC) j
INTENSITIES OF FORBIDDEN BAND SYSTEMS OF MOLECULAR OXYGEN

C. M. L. KERR AND J. K. G. WATSON

-1
The three Herzberg systems of absorption bands of oxygen in the region of 40 000 cm

correspond to orbitally forbidden transitions to the states c If-, A'3A and A
3
Z
+ 

from X
3
1
- .

These transitions acquire their intensity from allowed transitions by spin-orbi? coupling.
This study is concerned with
(a) the representation of the branch intensities of recent observations of these

forbidden bands by a set of transition moment parameters, and
(b) the relation of these transition moments to those of the allowed transitions through

the spin-orbit matrix elements.

B. Coquart and 0. A. Ramsay, in preparation.

Address: Herzberg Institute of Astrophysics, National Research Council of Canada, Ottawa,

Ontario, Canada KIM IP2.

WF5. (2:35)

PULSED LASER EXCITATION AND PHOTOACOUSTIC DETECTION OF THE 1-0 OXYGEN SCHUMANN-RUNGE BAND

P. B. KELLY, R. COHEN, R. B. MILES, AND J. GELFAND

Direct excitation into the 1-0 band of the molecular oxygen Schumann-Runge system has been

achieved. Raman shifted fourth harmonic of a Nd:YAG laser was the excitation source. The laser

was scanned over lines at the band origin by means of an intracavity etalon. The photoacoustic

system used to detect the pulsed excitation will be described.

Address of all authors: Applied Physics and Materials Laboratory, Department of Mechanical and
Aerospace Engineering, Princeton University, Princeton, New Jersey 08544, U.S.A.

J~rospce Engn!;;'
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WF6. (2:47)

HIGH RESOLUTION ABSORPTION CROSS SECTIONS AND BAND OSCILLATOR STRENGTHS OF THE SCNUMANN-RUNGE
BANDS OF 02

K. Yoshino, D.E. Freeman, J.R. Esmond, and W.H. Parkinson

Cross sections of 02 at 300 K have been obtained from photoabsorption measurements at
various pressures throughout the wavelength region 179.3 -201.5 nm with a 6.65 m photoelectric
scanning spectrometer equipped with a 2400 line/mm grating and having an instrumental width
(FWHM) of 0.0013 nm. The measured absorption cross sections of the Schumann-Runge bands
(12,0) through (1,0) in this wavelength region are absolute, i.e., independent of the instru-
mental width, a result not achieved previously. The measured cross sections will be presented
graphically. Band oscillator strengths of the (12,0) through (1,0) bands have been determined
by direct numerical integration of the measured cross sections.

Preliminary results of cross sections at 77 K will be discussed.

This work is supported by NASA Grant NSG 5176 to Harvard College.

Harvard College Observatory, 60 Garden Street, Cambridge, MA 02138

WF7. f3:15)

INTRACAVITY LASER ABSORPTION SPECTROSCOPY - A COMPARI' P. WITH

CLASSICAL ABSORPTION - LINE SHAPES AND QUANTITATIVE MEASUREMENTS

M. Chenevier, M. A. Melieres, F. Stoeckel

Using a CW dye laser for intracavity laser absorption
spectroscopy (ICLAS) with a controlled time generation and
a time-resolved spectrum, we show that intracavity absorption
follows the Lambert Beer Law.

0 B comparingb the absorption of the very weak y band of
02 blE (v'=2) - XEg-(v"=O) in ICLAS and in multi-pass cell
techniquel we confirm that the intracavity technique gives
reproducible results under different experimental conditions
and is a highly sensitive quantitative method for measuring
absolute absorption coefficients and collision broadening
coefficients. This method does not necessitate any previous
scaling in contrast with other sensitive methods like photo-
acoustic or optogalvonic techniques.

1 J. j. Miller, L. P. Giver, R. W. Boese, J.O.S.R.T. 16

(1976) 595.

Address of M. Chenevier, M. A. Melieres, and F. Stoeckel:

Labo~atoire de Spectrometrie Physique, Universite Scientifique
et Medicale de Grenoble - BP68 38402 Saint Martin d'Heres,
France.
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WF8. (3:27)

TIME EVOLUTION OF SHORT-LIVED MOLECULAR SPECIES

OBSERVED BY INTRACAVITY LASER ABSORPTION SPECTROSCOPY

F. Stoeckel, M. D. Schuh and G. if. Atkinson

We report the feasibility of using CW intracavity laser
absorption spectroscopy (ICLAS)

1 
as a probe in detecting transient

species generated by pulsed laser photolysis. The method of
detection uses a time-generated C11 laser beam and time-resolved
spectra which are delayed with respect to the photolysis pulse.
Variable time delays and a constant generation time have been
used to detect the time dependence of the absorbing species at
times as short as a few microseconds.

We applied the technique to the study of the time evolution
of the formation of the free radical HCO generated by photolysis
of gas-phase acetaldehyde (CH3CHO) at pressures down to tens of
mtorr.

We have also found that the ultimate sensitivity of the
ICLAS technique is limited mainly by the mechanical stability
of the cavity.

1 M. Chenevier, M. A. Melieres, F. Stoeckel, to be published

2 G. H. Atkinson, A. H. Laufer and M. J. Kurylo, J. Chem. Phys.

59 (1973) 350.

3 G. H. AtlLnson, T. N. Heimlich and M. W. Schuyler, J. Chem.

4 Phys. 66 (1977 5005.

A. J. Gill and G. H. Atkinson, Chem. Phys. Letters, 64 (1979)

426.
5 R. J. Gill, '.. D. Johnson and G. H. Atkinson, Chem. Phys. 58

(1981) 29.

Address of F. Stoeckel: Laboratoire de Spectrometrie Physique

Universite Scientifique et Medicale de Grenoble - BP68 38042

Saint Martin d'Heres, France

Address of M. Schuh: Department of Chemistry, Davidson College,

Davidson, NC, 28036, USA.

Address of G. H. Atkinson: Department of Chemistry, Syracuse

University, Syracuse, NY 13210.
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WF9. 13:44)

TIME-RESOLVED PHOSPHORESCENCE SPECTRA OF

ACETALDEHYDE (CH 3 CHO) AND PERDEUTEROACETALDEHYDE VAPORS

M. D. SCHUH, S. SPEISER and G. H. ATKINSON

The phosphorescence (T,-eSo) spectra of vapor phase

CH, CHO and CDCDO were measured by time-resolved methods
following pulsed (8ns) laser excitation at 320nm. The time-
resolved phosphorescence is characterized by its radiative,
lifetime (23tis at 10 torr), its frequency shift (^.2100 cm-

to lower energy from the onset of fluorescence, extensive
vibronic structure, and rate of quenching by 02. The observed
vibronic structures and triplet-state lifetimes were distinctly

different for CH9CHO and CD5 CDO. The relationship between
these phosphorescence spectra and those observed by energy
transfer techniques is discussed. These results are also used

to compare the phosphorescence spectra of acetaldehyde and other

alkyl ketones and aldehydes, and to comment on the energy sep-
arations between % and T, for CHCHO, vibronic assignments, and
role of biacetyl in acetaldehyde photochemistry.

Address of M. D. Schuh: Department of Chemistry, Davidson College,
Davidson, NC 28036

Address of S. Speiser: Department of Chemistry, Technion, Haifa,
Israel.

Address of G. H. Atkinson: Department of Chemistry, Syracuse
University, Syracuse, NY 13210.

WF10. (3:56)

IDENTIFICATION OF THE nf COMPLEXES IN N_ RY UV ABsRPTIroN

E.S. CHANG AND K. YOSHINO

Absorption features at X = 82L, 815, and 814 are identified as the 5f, 6f, and 7f
complexes in molecular nitrogen. Our study of the 7f conplex a- BIOX shows that 't- main
!inen are separated by 4B (S P cm-

1
) rather than ?B and can be labeled as members of the

0 and the S branches. Theoretical analysis in terms of the frame transformation the.ryI
yields line positions and strengths similar to the & complex tteory.

2 
Generally excellent

sreement is found between theory and experiment.

This work was supported by the Air Force under AFGL Contract #F19628-81-K-0007.

IE.S. Chang and U. Fano, Phys. Rev. A 6, 173 (1972)

2
Ch. uneen and E. Miescher, Can. J. Phys. 7, 17h9 (1969).

Address of Chang: Department of Physics and Astronomy, University of Massachusetts,

Amherst, Massachusetts 01003, U.S.A.
Address of Yoshino: Center for Astrophysics, Harvard University, Cambridge,

Massachusetts 02138, U.S.A.
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WFI 1. :11)

AALYCIV ,F THE %,R-'f F 4IS1ION)N LPIES IN H,

k.1. CHAN3, . FULCHTf'PEK, AND F.F. EYLER

W.- re-examirnene ,%-Lf emis ion data in H2 reported by Hernberp and Jung-n
I 

l light
our t'eory reported ir. tne Thtrty-z-vonth Cymposlun.

2 
While we agree with their assigr-

ment )f most of the lines, -, believe that some weaker lines belong to higher vibrational
sti'es of thr- H., rore. A new asalysis of the line intensities suggests a much lower
rotational temperture, perhaps 1W0' K instead of the reported 250

° 
K. The dependence of

tt- inltnsitles on vibration will also be discussed.

Th. sw rk wu.i supported ly the Air Force under AFGL Contract #F19628-81-K-0007, and in

:ar- by NSF pIyo-, 5,

11. H,,rzber," and n. Ju:i, n, .'. Csem. Phys. 77. 587( (1982).

'K.S. Canor, 37tn S:rmposin on Molecular Fpe,:orsoopy, 3hin State University, June 14-18,
I p. 90.

Address f Chani and Pulcntope¢: Department of Physios and Astronomy, University of lass&a-
crusetts, Ainterit, Massachusetts '()lf3, '.S.A.

Address of Eyler: L:yman Laborator:y of Flysirs, Harvard Universily, Cambridge, Massachu-tte
3 L U.S:. A.

WF12. (4:20)

ROTATIONAL ANALYSIS OF THE 81-
+ 

- A I- SYSTEM OF 13C 180-

C. V. V. PRASAD, G. L. BHALE , AND S. PADDI REDDY

T 
I
_
+  

1l- 0 131oThe (Anqstrm) band system of the C10 molecule in the region 4100 - 6500 A.

excited in the anode column of a hollow cathode discharge tube of special design, was recorded

Out of a total of ten bands observed, the 1-0. 1-1. 0-0, 0-1, 0-2, 0-3, 0-4, and 0-5 bands

were photographed under high dispersion and the rotational analyses of these except the com-

plex 0-0 band carried out. Perturbations observed in the vibrational levels v - 0, 3 and 5

of the A
1
, state were analyzed and information concerning the perturbing electronic states

a3 + and e3
- 

was obtained. The derived rotational constants (in cm
" 
) of the A and B states

can be represented by the following expressions:

A Ir: 8v " 1.4660 - 0.0201 (v+J).

B : Bv . 1.7805 - 0.0219 (v+).

Other molecular constants derived from the analysis will be also discussed.

*Research supported in part by NSERC Grant No. A-2440.

G. L. Bhale is on leave from the Bhabha Atomic Research Centre, Bombay, India.

Address: Department of Physics, Memorial University of Newfoundland, St. John's.

Newfoundland, Canada, AIB 3X7.

I.
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WF1 3. (4:40)

TWO PHOTON EXCITATION OF THE DIA - X'L+ 
TRANSITION IN CO

C. KITTRELL. S. CAIERON. R.F. BARROW, L. BUTLER, AND R.W. FIELD

A frequency doubled pulsed dye laser is used to promote two-photon excitation of the
DIA - XIt + 

transition in carbon monoxide. Collisfo0al transfer to Ala leads to ultraviolet
fluorescence which is detected with a Solar blind photomultiplier. Rotationally resolved
structure belonging to bands of three isotopically substituted molecules has been measured
relative to the visible spectrum of iodine. Several vibrational bands up to v' 12 have
been analyzed and these data. comined with Simmons and Tilford'sl values for v' 1, give
the molecular constants. Preliminary values for 12CO are: Te - 65,976.8(5);

- 1061.7(3); uexe - 9,86(4); Be - 1.269(4); De - 7x10-6; me - .018(1) (all cm-1).

J.D. Simmons and S.G. Tilford, J. Chem. Phys. 45, 2965 (1966).

Address of Kfttrell, Camron, and Field: Department of Chemistry. Massachusetts Institute
of Technology, Carldge, Mssachusetts 02139.
Address of Barrow: Physical Chemistry Laboratory, Oxford University, South Parks Road.
Oxford, EGLAND OXI 3QZ.
Address of Butler: Materials and Molecular Research Division, Lawrence Berkeley Labora-
tory and Departwent of Chemistry, University of California, Berkeley, California 94720.

A



WG7. (4.53)

OPTICAL STARK EFFECTS IN THE STIMULATED RAMAN SPECTRUM OF 02*

R. A. HILL, A. OWYOUNG, and P. ESHERICK

Nonresonant optical Stark effects are observed in the high resolution (0.002 cm-1)

stimulated Raman spectra of the pure spin, rotational, and vibrational bands of 92 at

focused pump laser intensities >3 GW/cm
2
. Differences between the polarized and

depolarized Raman spectra arise since the magnetic quantum number selection rules

am= 0 and 4M = ±1 apply, respectively. Optical Stark effects in 3 molecules

(e.q., oxyqen) differ somewhat from that observed for IE molecules (nitroqen) because of

inversion of the Mj = 0 and I sublevels of the (J,N) = (1.1) rotational state.

Further, identical shifts of the M = I suhlevels of the (1,1) and (2,1) rotational

states result in polarized 
0
P(2,1) and 

0
R(I,I) lines that exhibit no second

order ootical Stark effect.

* This work is supported by the U.S. Oepartment of Enerqy.

Address of Hill, Owyoung and Esherick: Sandia National Laboratories, Division 2562
Albuquerque, New Mexico 87185
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wHI. (I Mi)

ROTATIONAL RELAXATION AND .A COMPONENT SWITCHING COLLISIOhS IN THE BaO A' 1 STATE

YEN CHU HSU AND J. GARY PRUETT

Time delayed optical-optical double resonance is used to follow the rotational
level and A component populativ". in the A' 11 state following single rotational and
A. component excitation. Fast rotational relaxation of small AJ is accompanied by
slower A component changing processes with weak A J propensities.

Address: The Standard oil Company (Ohio), Corporate Research Center, 4440 Warrensville
Center Road, Warrensville Heights, Ohio, 44128

WH2. (1:47)

OUENCHING OF THE A2E+ STATE OF OH AT -1100 K

PAUL W. FAIRCHILD, rRtCORY P. SMITH, AND DAVID R. CROSLEY

Rate constants for collisional quenching of the v''O level of the A
2 
Z+ state of the OH

mlecule have been measured at temperatures in the range 1000-1400 K. The OH was produced at

these temperatures by a laser pyrolysis ethod.
I 

in which a mixture of SF6 , 11202 and the colli-
sion partner was irradiated by a pulsed CO. laser. The SF6 absorbed the Infrared radiation,

rapidly heating the mixture and pyrolyzing the peroxide to ON radicals. The O was pumped to

the N'-6, 1.-6 1/2, v'-O level of the A
2
E+ state by a 10 hsec-long frequency doubled dye laser

pulse fired 30 usec after the CO2 laser. Ouenchtng rate constants were measured by the added

gas pressure dependence of the fluorescence decay time.

The results, given as therinlly averaged cross sections (A
2

) at 1100 K are:

CO* H20* CH4  MM3  02* H,* NO N2 0 N2* SP6  CO2 *

21 36 16 43 12 II 28 34 0.7 0.14 13

No slnificant temperature dependence was observed over the limited range covered, in agreement

with expectations. Horwever, the values are lower than room temperature literature values (which

exist for colliders marked with an asterisk), except for m,. The values for 4 and SF6 are

conspicuously low.

Cross sections have been calculated with a collision complex model, where multipolt attrac-

tive forces and a repulsive rotational harrier dominate the potential, a reformulation of an
approach used for SO2. 2  The experimental results for the first eight of the collision partners

listed agree well (t25%) with the calculation, assuming 0.45 probability of quenching per

capture collision.

h is research was supported by the U.S. Army Research Office.
P. . Fairchild, G. P. Smith and D. R. Crosley, Nineteenth Symposium (International) on
Combustion, The C'oAmbustion Institute. Pittsburgh, 163. in press.2
fl. L. Holterenn, K.K.C. Lae and R. Manes, .1. Chem. Phys. 77, 5327 (1982).

Address of Fairchld Smith and Crosley: Molecular Physics Laboratory. SRI International,
Menlo Park, CA 94025

a.C-
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WH3. (2:04)

I ;:PANOLECULAR VIBRATIONAL REDISTRIBUITION AS SEEN IN TINE RESOLED KIISSION

FOM p-DIFLUOROBF-ZENE

K.W. Holtzclaw, D.A. Dolcon and C.S. Parmenter

Time resolved fluorescence spectra are beinF obtained from several vibra-
*tonal levels in S, p-difluorobenzene usint the technique of chemical timin.

1

In this method varying pressures of the efficient electronic state quencher
oxyten are used to restrict the fluorescence lifetime of the molecule to as
little as 10 ps. Spectra taken in the presence of sufficient pressures of
ox77en show a reduction in the fraction of emission which is structureless, an
indication of incomplete IVR. These spectra are interpreted using kinetic
models grounded in the predictions of the intermediate and statistical limit
cases of radiationless transition theory.

2 
' At present it has been found that

the intermediate case kinetics best fit data for the " 5 (Crib = 200? cm'
and 5 0 (Crib = 2191 cm' ) levels with IR rates on the order of 1 ns and
O ps respectively.

1. R.A. Coveleskie, D.A. Dolson, C.S. Parmenter, J. Chem. Phys. 557u
(19o).

2. F. Lahmani, A. Tramer, and C. Iric, J. Chem. Phys. 60, -11 (11'7 .

K. Freed, A. Nitzan, J. Chem. Phys. v, utot (1?90).

Address of Holtzclaw and Parmenter: Department of Chemistry, Inliana Univer-
sity, oloomington, Indiana 47405

Aidress of Dolson: Environmental Science Department, General Motors Research
Laboratories, Warren, Michigan 4d090

WH4. (2:21)

FLUORESCENCE SPECTRA OF p-DIFLUOROBENZENE IN A MOLECULAR BEAM, EVIDENCE FOR RO-
TATIONAL INVOLVEMENT IN INTRAMOLECULAR VIBRATIONAL REDISTRIBUTION

S.H. Lee and C.S. Parmenter

Examples of single vibronic level (SVL) fluorescence spectra displaying
congestion exceeding that expected from thermal inhomogeneous broadening are
abundant and have been used as evidence for intramolecular vibrational redis-
tribution (iVR). Based on the congestion observed in SVL spectra, the onset of
the IVR process has been shown to occur at low vibrational energies in the first
excited singlet state where the vibrational density of states is on the order of
unity. In order to account for the observed congestion, rotational involvement
in IVR has been suggested as a means of coupling a larger numner of vibronic
levels. By comparing SVL spectra of p-difluorobenzene obtained at room temper-
ature with those obtained in the cold conditions of a molecular beam we have
found evidence for rotational involvement in IVR. In the molecular beam the
spectra observed show less congestion than the equivalent roon temoerqture
spectra, indicating that the onset of IVR occurs at higher vibrational energv
in the low temperature case.

Address of Authors: Department of Chemistry, 1.diana University, Bloomington,
Indiana, 47405, USA.
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W115. (2:33)

TN LRCtLECUj1LLR P0:ET'TATL' AND 1 I!RA I0)AL ENERGY ('LcW IN L UI:V-I' RELAXAION
01 '(1) FY 12 , 0, AllD HP IN LIQ4UID A,.

W.~ L ivo ,sad (I.E. Fwin.-

i r-ile con:' int?- for cilirional kieec'ivation of the il level of' CO by
I? nn i e dilute in li;ul-i Ar wcro mea.-ured usinr chopped blackbody excita-

no. i, nrl-nveran:i e~ection of 12 fluorescence decay. The ratios of the
r7: t ons :in,.: in thie i mid 001.71? to thbose for the same processes in the gas

k/, were found .o he -1.1, .3ad I. , for CO-li 2 , CO-L 2 and CO-H1e,

1: in1ullF do not agree well with most of 'he available models for vibra-
* onal rela' ation in liquid-_ wh-ich preelict that 'K should be several timer k
1 i proposed that changes in the effective intermolecular potential introdug;ed
wiien the collision partners are put into solution lower the probability of ener~v
r'an'ler, and consequently the rate constant, when the mean kineti- ' nergy is

-omparable to or smaller than the attract-ive enerFv between the interacting

1. Natillaricq and C.J.S.i. Simpson, Chem. Phys. Lett.,(tobe published).

o'he Authors,: Department of Chemistry, Indiana University Bloomington,
InilinA,'i, USA.

WH6. (2:55)

Vl!URATIONAL ENERGY TRANSFER OF CO BY CF, , CD, , AND CF, IN LIQLTD Ar

H.M. Ablel-lialim and G.E. Ewing

The rate conatant for the vibrational relaxation of CO(v=l) by C14 , CD,9
and CF4 were measured in liquid Ar. A comparison has been made with the gas
phase results measured at the same temperature' , which enables us to test the
validity of the Isolated Binary Collision (IBC) model.

A blackbody source was used to excite CO to the v=l level. The fluores-
cence emission from the excited CO was used to monitor the transfer of vibra-
tional energy in the system. Several concentrations of CO and its collision
partner were studied, from which the rate constant could be extracted.

Our results show that the liquid phase rate constant (kl) is almost equal
t~o the gas phase one (kg) , where the IBC model pred icts k, to be several times
larger than k However5, within an order of magnitude accuracy the IBC model
is still valu§ble.

1J.M. Jackson, P.A. Lewis, M.P. Skirrow, and C.J.S'1. Simpson, Trans.
Faraday Soc. 11I, 1,, (1979) 13'41.

Address of the authors: Department of Chemistry, Indiana University, Bloom-
ington, Indiana 47'405.
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WH 7. (3:12)

DIODE INFRARED LASER DOUBLE RESONANCE OF SUBSTITUTED METHANES: SPECTROSCOPY
AND RELAXATION'

J.1. STEINFELD, D. HARRADINE, L. LAUX, AND M. DUBS

The 5O- and 27)+5/ transitions in CDF3 have been investigated by Diode-5 5 5
Infrared Laser-DOuble Resonance. Two-, three-, and four-level double-resonance
and AC-Stark-modulated signals have been observed. Analysis of these spectra
yeilds coasiderably improved molecular constants. Time-resolved measurements of
rotational energy transfer indicate that the cross-section for self-relaxation
is approximately fourteen times gas-kinetic, and that neighboring levels are
populated wfjh dipole-like (dJ - ±l, AK - 0 ) propensity rules. Preliminary
results on CD4 will also be reported.

ISupported by National Science Foundation Grant CHE81-09963.

Address of Steinfeld. Harradine. and Laux: Department of Chemistry, Massachusetts

Institute of Technology, Cambridge, Massachusetts, 02139.

Address of Dubs: Physikalisches-Chemisches Institut der Universitat Zurich,

CH-8057, Switzerland.

WH8. (3:29)

PHONON-ASSISTED ENERGY TRANSFER IN MOLECULAR CRYSTALS

I. Y. CHAN AND M. P. KARNETT

Phonon-assisted triplet energy transfer in molecular crystals is

investigated with the technique of laser line-narrowing. Benzophenone

(BP) in BP-d10 and 4,4 dibromodiphenyl ether (DDE) have been selected

as examples. A narrow-band pulsed dye-laser excites a subset of the

molecular sites, leading to narrow phosphorescence emission at 2 K.

As energy transfer occurs at higher temperature, the emission line

broadens. Analysis of the temporal evolution of the spectral profile

in the Inokuti-Hirayama region I provides a measurement of the energy

transfer rate. The temperature dependence of sx)ch rates reveals the

mechanism of phonon interaction with the molecular excited state.
2

Experimental results will be discussed in view of the increased low

frequency phonon population in a soft molecular crystal.

1M. Inokuti and F. Hirayama, J. Chem. Phys. 43, 1978 (1965).
2
S. K. Lyo, T. Holstein and R. Orbach, Phys. Rev. Bl8, 1637 (1978).

Address of Chan and Karnetti Department of Chemistry, Brandeis Univer-

sity, Waltham, M., 02254.

U.
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WH9. (3:46)

DIRECT OBSERVAT ION OF INTRAMOLECULAR ENERGY REDISTRIBUTION IN p-UTFl1I.:)RiEfNINE
BY PICOSECOND GATING

R. MOORE, F.E. DOANY, E.J. HEILWEIL and R.M. HOCHSTRASSER

Results are presented on the picosecond time evolution of the fluorescence
spectrum of p-difluorobenzene under collision free circumstances. Time-resolved
single vibronic level emission spectra were obtained by the technique of
frequency down-coversion by non-linear mixing of the molecular fluorescence
with a picosecond laser pulse in a non-linear gating crystal. High resolution
down-coverted spectra were obtained by using a monochromator and photo-
multiplier tube; lower resolution down-converted spectra were obtained by using
a spectrograph and a reticon array-based optical multichannel analyzer system.
The time gated spectra consisted of structured emission corresponding to
vibronic transitions superimposed on a diffuse background. The diffuse back-
ground displayed a time evolution that differed from that of the structured
region of the spectrum. The observed kinetics might mean that intramolecular
rovibrational energy redistribution is occuring on a timescale of ca. 6 pa.

Address: Department of Chemistry, University of Pennsylvania. Philadelphia,
Pennsylvania, 19104.

WH'1o t4.05)

CHEMILUMINESCENT OXIDATION OF ZINC ATOMS BY NITROUS OXIDE

Brian G. Wicke

The chemiluminescent oxidation of zinc atoms by nitrous oxide to form ZnO* has been
studied utilizing a laser vaporization pulsed beam source to proauce the zinc re-
actant. The kinetic energy dependyce of the chemiluminescent reaction cross
section has a threshold at l.6xI0" joules/molecule (1.0 eV) in the center of mass;
this thresho i value has -en used to estimate the dissociation energy of ZnO as
0 4.48xI

-  
± 0.32xO" joules [2.8 (±.2) eV)J. The reaction cross section

increases with increlaing kinetic energy in accord with the Arrhenius model from
threshold to 3.2xlO joules (2.0 eV), but then increases more rapidly. Above
threshold, small amounts of thermal energy added to the N 0 reactant increase the
reaction cross section seventy times more than the equivalent energy supplied as
relative kinetic energy. This energy selectivity is interpreted in terms of an
electron jump reaction mechanism which is significantly enhanced by the 2 bending
vibrational mode of N20.

Address: Department of Physical Chemistry, General Motors Research Laboratories,
Warren, Michigan 48090.
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14H'2. (4:2.

JET SPECTROSCOPY OF PERPROTONATED AND PERDEUTERATED BENZENE DIMERS BY 2-COLOR RESONANCE

PHOTOIONIZATION

K. H. FUNG, H. L. SELZLE and E. W. SCHLAG

Benzene dimers (H-H, D-D, and H-D) from perprotonated (H) and perdeuterated (D) benzene
are prepared in a seeded supersonic jet and are analyzed by a two-color resonance-enhanced
two-photon ionization technique.] The experiment involves an excitation to the first

electronic state S9 ,(corresponding to IB2u of the parent benzene monOmer) by means of a
tunable laser, and subsequent photoionization from this intermediate excited state with

another proton. The ions produced are analyzed in a time-of-flight mass spectrometer.

Our results indicate that the excitation to the S1 state is localized in either half of

the dimer. In addition to the isotopic effect, an extra stabilization energy is found in both

of the homo-dimers (H-H and D-D), which appears as a red shift in our spectra.

IK.H. Fung, W.E. Henke, T.R. Hays, H.L. Selzle and E.W. Schlag, J. Phys. Chem. 85, 3560 (1981).

Address of Fung: Herzberg Institute of Astrophysics, National Research Council of Canada,

Ottawa, Ontario, Canada KIA OR6.

Address of Selzle and Schlag: Physikalische Chemie der Technischen Universitst Munchen,

8046 Garchinq, West Germany.

WH'3. (4:34)

FUR3 SPECiUN OF BIZENE IN A SUPERSONIC EXPANSION

D S3AY . V. WALTERS. S. COLSON AND K. l nISG

The 700cn1 sad 3050cm- 1 roion of benzene seeded in arson is studied using Fourier traes-

form infrared absorption spectroscopy. Using a band contour analysis of the 700cm- 1 region. the

T iot is determined to be 80 A. 15K. The assignments of the sequence hot band structure in this
region is discassed. The Tvib Is >17OK. which indicates a disequilibrium between the rotation-

al and vibrational degrees of freedom.

I£ the 3030am~ l region of the Jet spectrum, the rotational envelopes for the three bands

which make up the Fermi triad are separated. A band contour analysis. including Coriolis inter-

action. is used to study each bend.

Address: Sterliag Cheisty Lab.. Yale University, 225 Prospect St.. Box 6666. te saven. C!

06511



FIRY Sa'hChlIJ OF PYRIDINE IN A SUPERSONIC EXPANSION

V. WALTERS. K. WONG. D. SNAVELY , S. COLSON AND K. WIBE2G

Fourier transform infrared absorption spectroscopy was used to investigate the rotational

and vibrational cooling of a 1:1 pyridino-argon mixture in a supersonic expansion. The C-8l

stretching bands in the 3000 co-' region and the C-H out-of-plane bond at 700 cm- were ana-

lyzed,

Band contour analysis of the 700 cm- band indicates a rotational temperature of 100±20 K.

Consideration of the sequence band structure mad isotope shifts for this hand suggest a vibra-

tional temperature of 140±40 K.

The spectrum of cooled pyridine ws used by K. Wong et.al.1 in the vibrational assigent

of the fundamentals in the C-H stretching region. A rough baud contour analysis confirms those,

assignments.

K. N. Wong and S. D. Colson, submitted for publication.

Address; Sterling Chemistry Lab.,* Yale University, 225 Prospect St.. Box 6666. Now Hlaven, C!

06511



RA6.

FIRST INFRARED DETECTION OF ATMOSPHERIC NO2 FROM THE GROUND

J.-M. FLAUD, C. CAMY-PEYRET, A. PERRIN. J. LAURENT AND G.M. ST-KES

Up to now, infrared atmospheric NO2 measurements have mainly been performed in the 6.2pm
region from aircraft or balloon. Indeed this spectral region covers the strongest infrared
band of NO2 which is v3 However, it is not possible for measuring NO2 from the ground to
work in this spectral region because the NO2 absorption is t.indered by the strong absorbing
2 band of water vapor. The second strongest absorbing band of NO2 which is * 3 falls
in the 3.4 Mm region which is a relatively clear atmospheric window. Howeversince Vlv 3 is
about 20 times weaker than v3 , it is necessary to have the best knowledge of the line para-
meters of the vl+v3 and v+v 2+V 3 - 2 bands of NO2  to be able to recognize unambiguously
the weak absorption peaks of this molecule in atmospheric spectra.

Using an hamiltonian which takes explicitly into account the Coriolis interaction between
the (v, v2 v3 ) and the (VI v2+2 v3-1 ) vxurational states of NO2 , it has been possible to
reproduce very satisfactorily the rotational levels of the interacting states (1 20),(0 01)
and (1 30),(I I 1). Also a least squares fit of the available experimental intensities of
vl v

3 
has provided us with the expansion of the transformed transition moment of this band

which has then been used together with the wavefunctions resulting from the diagonalizarion
of the hamiltonian matrix, to generate an improved setof line parameters for the .+ , and
V1+'-2+v3-')2 bands absorbing in the 3.4 pm region. This compilation has then been used to
detect for the first time NO2 absorption peaks in atmospheric spectra recorded from the
ground. Thirteen well isolated features appearing clearly in high resolution Fourier trans-
form atmospheric spectra recorded at Kitt Peak have allowed a precise determination of N02
vertical colum densities. Indeed from the analysis of 4 spectra recorded at air masses of
10.7, 5.4, 3.1 in the morning and of 10.8 in the afternoon, vertical column densities of
1.8± 0.3 and 3.25± 0.46 (in 1015 molecule cm-

2
).have been derived for the morning and the

evening.

Address of Flaud, Camy-Peyret, A. Perrin: Laboratoire de Physique Moliculaire et d'Optique
Atmosphsrique, C N R S, B~timent 221, Campus d'Orsay, 91405 Orsay Cedex, France.

Address of Laurent 0 N E R A, 92320 Chatillon, France.

Address of Stokes Battelle Pacific North West Laboratories, P.O. Box 999, Richland,
Washington 93352, USA.

RA7.

Sub- Doppler Saturation Spectroscopy Using Microwave Sidebands on CO Laser Lines: Hyperfine
Structure in NH3 and Vibration-Induced Dipole Moment in Tetrahedral kIolecules

Gottfried Magerl, Joan M. Frye, Welf A. Kreiner, and Takeshi Oka

We report the observation of infrared Lamb dips using a widely tunable laser source. The
microwave sidebands generated on CO laser lines provide sufficient power ('tO.5 mW) and spec-
tral purity (Av < 100 KHz) for saturation spectroscopy. This method is applied to observe
the quadrupole hyperfine structure in the v fundamental band of NH and to measure the vibra-
tion-induced dipole moment' in the V4 band 9f SiH 4 and the V3 band 9f SiF4.

1M. Mizushima and P. Venkateswarlu, J. Chem. Phys. 21, 705 (1953).
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RB2. (10: 15)

OPTICAL AND MAGNETO-OPTICAL ROTATION DUE TO TRANSVERSE ELECTRONIC MOTION IN THICK HELICES

OF NON-INTEGRAL TURNS. Samuel H. Brown and YTjnn-an Chiu

A three-dimensional arc coordinate system] is used to treat the electronic motion along
a thick, instead of infinitely thin, helix. Extending the existing work on "one-
dimensional" longitudinal motion along an infinitely thin helix, we have computed electronic
dipole and magnetic dipole matrix elements involving transverse quantum numbers and covering
integral as well as non-integral number of helical turn s:Te-contribution of these trans-
verse motions to optical and magneto-optical effects will be discussed.

1
E. A. Power and T. Thirunamachandran, Proc. Roy. Soc. London A313, 403 (1969).

Address of Brown: Maval Ship Research and Pevelopment Center, nepartment of the Navy.
Annapolis, Maryland 21402
Address of Chlu: Department of Chemistry, The Catholic University of America, Washington,
D. C. 20064

RB3. (10:27)

"CRYSTAL FIELD" THEORY FOR THE RYDBERG STATES OF POLYATOMIC MOLECULLS AND ORBITAL CORRELATION

TO DISSOCIATED FRAGMENTS. Y. N. Chiu

Approximate energy expression of a Rydberg electron of given (rhital angular momentum
L is derived showing its mL dependence. The derivation takes into dccount of multipole
potential field up to hexaaecapole and includes mixing of different L's by odd (dipole and
octopole) potentials for systems without inversion symmetry. The proportion of different
L's will be estimated from (translational) expansion of atomic orbitals in the LCAO-MO'S.
Symmetry constraints and correlation between Rydberg molecular orbitals and dissociated I
fragments will be discussed.

see, for example, Y. N. Chiu, J. Math. Phys. 5, 283 (1964) and references therein.

Address of Chiu: Center for Molecular Dynamics and Energy Transfer, Department of Chemistry,
The Catholic University of America, Washington, D.C. 20064

RB4. (10:44)

DEGENERATE STATES IN OPTICAL ROTATION. Ying -panr Fi

Optical rotation for random molecular systems is proportional to the second-order matrix
element over the pseudoscalar operator o.m. For inherently active molecules in non-
degenerate ground states with charge density belonging to the totally symmetric irreducibie
representation, the pseudoscalar must also belong to this same representation. The present
work will discuss the effect of degenerate ground as well as intermediate states. Possihle
matrix elements and symmetries involving various components of the degenerate set will be
deduced using the irreducible tensor coupling coefficients.

1  
The physical implication of

these degeneracies will be discussed.

J. S. Griffith, "The Theory of Transition-metal Ions" (Cambridge, 1961); The Irreduc-

ible Tensor Method for Molecular Symmetry Groups" (Prentice Hall, 1962).

Address of Chlu: Department of Chemistry, The Catholic University of America, Washington,
D.C. 20064 and Institute of Chemistry, Academia Sinica, Nankang, Taipei, Taiwan, ROC.
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R85. (10.55)

VALENCE BOND MODEL FOR 
l
nw* STATES OF 2,2',4,4'-TETAETHYL(YCLoRITAN-I,3-IANE

(TMCBD)

W. R. WADT, W. R. NOOMAW AND S. N. JAFFE

The ultraviolet absorption spectrum of TMCBP has been interpreted in terms of

four [R. Spafford, J. Baiardo, J. Wrobel and M. Vata, J. Am. Chem. Soc. 98,
5217(1976)1 and three [R. D. Gordon, M. Carts and D. G. Newman, J. mot. SPectrosc. 60,

130(1976)j low-lying In,* states. We report valence bond calculations, which
emphasize the localized nature of the n-w* excijations on the carbonyl oxygens. The

results show that there are only two low-lying n1* states (
1
A, and lIlel) with

the next set (2
1
Au and 21B1 ) lying at least 3 eV higher. The spectra are

reinterpreted in light of tRe valence bond calculations. Comparison with calculations
on CBD reveals the important through-bond interactions induced by the methyl groups in

TMCBD. Ionization from the oxygen lone pairs will also be considered.

Address of Wadt: University of California, Los Alamos National Laboratory, MSJ569,
Theoretical Division, Los Alamos, New Mexico 87545.

Address of Moomaw and Jaffe: Williams College, Thompson Chemical Laboratory,
Williamstown, Massachusetts 01267

886. (11:13)

THE CONVERGENCE PROPERTIES OF MR-Cl ENERGIES

A series of 'iulti-referene Corficuration Interaction C!- - a u'atimns
has been undertaken to study t .e general convergene cropert~i. of "I -C
eneraies to the ful] 71 nergy. The -orplete Active $Fiea,- F7(AS-F - .etn

has been used for determinin< the reference spaces arh '7''in{ tie a ecular
orhitals. "esuits will be reported for three points on a double- zeta. sround
state potential surface of H2( and 8n h0 orbital calculation -n (H
Comparisons to the full C results and to a series of sin;&e-lreference
calculations will ie presented. It. will i shown that for theso rste-u, the
MP-CT method provides a balanced treatment c f a potential surface.

Address of Brown and Shavitt: Department of Chemistry. 7he Ohio State
University, Columbus. 3hio 43210.
Address of Shepard: Cheistry ?ivi.oin, Argnnne National Laboratory.
Arg7onne, Ill. -0439.

5...
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RB7. 1 25

THEORETICAL STUDY OF CS2 POTENTIAL SURFACE

R. N. DIFFENDERFER AND I. SHAVITT

The surface for dissociation of CS2 to CS + S has been studied using ab injtio MCSCF

methods. Gaussian DZ+P basis sets were used, producing a ground state energy of
-833.080247 for a 61 reference MCSCF wavefunction. The calculated dissociation energy,

4.38 eV, is in good agreement with experiment, 4.46 eV.

Address of Diffenderfer and Shavitt: Department of Chemistry, The Ohio State University,
Columbus, Ohio, 43210.

RB8. (11:42)

STURMIAN BASIS MATRIX SOLUTION OF VIBRATIONAL POTENTIALS

E_ YURTSEVER

The efficiency of a sturmian basis for solution of the one-dimensional
Schrodinger equation is demonstrated.(') The necessary one-electron integrals
can be obtained as very simple analytical formulas. Eigenvalues are weakly
affected by the non-linear parameter which simplifies the optimization
problem.

Franck-Condon overlap integrals can also be computed relatively easily I
even for potentials which have different equilibrium bond lengths(

2 
. Photo-

electron transition probabilities for H 2 and N 2 obtained by this approach
compare reasonably well with experimental data.

1
E.Yurtsever, O.Yilmaz and D.D.Shillady, Chem.Phys.Lett. 85, 111 (1982)2
E.Yurtsever, Chem.Phys.Lett. 91, 21 (1982)

Address : Orta Dogu Teknik Universitesi, Kimya BblUmU, Ankara-Turkey
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RCl. (30)

A VIBRATIONAL CIRCULAR DICHROISM (VCD) STUDY OF THE STEREOCHEMISTRY OF Co(III) AND Cr(IlI)

CO4PLEXES

DARYL YOUNG, FAY RATNOWSKY. SUSAN BECKER. ELMER LIPP, AND LAURENCE NAFIE

We have prepared a series of complexes. M(en)sX3 * nH2O, where M = Co(III). Cr(III),
en = ethylenediamine, and X = Ct-, Br , I_. The solution VCD of these complexes were measured
in the NH and CH stretching regions on our dispersive instrument, and the NH and CH bending
regions were examined on our Fourier Transform instrument. The spectra will be interpreted
and the effects of ion-pair formation on the spectra will he discussed.

We will also show the VCD spectra for the complexes, Colacetylacetonato), and
Co(acetylacetonato)2(L-alaninato). Their spectra show the relative importance of the
configuration, vicinal, and conformational contributions to the chirality observed in
both the stretching and bending regions of their vibrational spectra.

Address of Young. Ratnowsk., Becker, Lipp, and Nafie: Department of Chemistry, Syracuse
University. Syracuse. New York 13210,

RC2.

SOME TECHNICAL ASPECTS OF FTIR-VCD

E. D. LIPP AND L. A. NAFIE

Application of FTIR spectroscopy to vibrational circular dichroism (VCD) has effectively
incorporated the Fourier advantages of increased sensitivity and superior resolution capa-
bilities to these measurements. The purpose of this talk is to discuss some technical
aspects of this technique which have been alluded to in the past but not thoroughly discussed.
Specifically, we will discuss:

1) phase correction

2) resolution,,particularly its effect on the size of the spectral features

3) absorption artifacts

We will also show some representative spectra down to 800 cm-
1 

in energy and at unprecedented
S/N.

Address of Lipp and Nafie: Department of Chemistry, Syracuse University, Syracuse, New York
13210.

RC3. (9:04)

RAMAN OPTICAL ACTIVITY IN THE SKELETAL MOTIONS OF (.)-(3R)-METHYLCYCLOHEXANONE

T. B. FREEDAN, C. G. ZIMBA, W. ZUK AND L. A. NAFIE

The normal modes giving rise to the Raman optical activity (ROA) spectrum of
(+)-(3R)-methylcyclohexanone in the region below 650 cm

-1 
have been assigned based on Raman

spectra of the parent compound and five specifically deuterated isotopomers. Stereoprojec-
tions of the molecule displaced along the vibrational coordinates demonstrate that the
low frequency normal modes and ROA fetures arise from deformation and torsional modes of the
cyclohexane CG (O

0
d) skeleton coupled to axial and equitorial motion of the carbonyl and

methyl groups, ani an additional methyl torsional mode.

Calculations of ROA intensity using the Raman atomic polar tensor modell will be pre-
sented and compared to experiment.

IT. B. Freedman and L. A. Nafie, J. Chem. Phys. 78, 27 (1983).

Address of authors: Department of Chemistry, Syracuse University, Syracuse, New York
13210
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RC4. (9:21)

VIBRATIONAL CIRCULAR DICHROISM OF SMALL MOLECULES

A. ANNAMALAI AND T. A. KEIDERLING

For trans-l,2-dideuteriocyclobutane vibrational circular dichroism has been
measured in CC14 solution and localized molecular orbital calculations have been
performed. The results are compared with previously reported gas phase and fixed
partial charge spectra. A similar comparison for 1,3-dideuterioallene will also
be made.

Address: Department of Chemistry, University of Illinois at Chicago, Box 4348,
Chicago, Illinois 60680

RC5.

COUPLED OSCILLATOR INTERPRETATION OF THE VCD OF DICARBONYL CONTAINING STERIODS

USHA NARAYANAN AND T. A. KEIDERLING

Vibrational circular dichroism spectra of several steroidal compr inds containing two
carbonyl groups on six-membered rings have been measured in the C-0 " retching region.
The results have been comFared to the predictions of the degenerate - iiled oscillator
model. The sign and shape of the predicted spectra agree with the observed results in
all but one case. The magnitudes generally agree to within a factor of two, with two
exceptions. Attempts were made to correct the theory for misalignment of dipoles and
non-degeneracy of the oscillators. In general, tuch corrections did not lead to an
improved agreement.

Address: Department of Chemistry, University of Illinois at Chicago, Box 4348,
Chicago, Illinois 60680

RC6. (10.10)

THE EFFECT OF DEUTERATION ON THE AMIDE I & II BANDS OF s-HELICAL POLYPEPTIDES AS EVIDENCED
BY VCD STUDIES

A. C. SENl AND T. A. KEIDERLING

VCD spectra of some of the s-helical polypeptides, both normal and deuterated, have
been recorded in the Amide I and Amide II region. The most striking effect of complete
deuteration is the characteristic shift in absorption and VCD spectra as well as change
in the VCD shape in some cases. The sign of VCD depends only on the sense of helicity
of the a-helix, being not affected by deuteration. Attempts will be made to analyse the
anomalies in the obeerved spectra.

Address: Department of Chemistry, University of Illinois at Chicago, Box 4348,
Chicago, Illinois 60680
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RC7. (10:27)

MAGNETIC VIBPATIONAL CIPCnLAR DICHROISM OF METHYL PALIDES ANr AMMONIA

T.R. DEVINE AFD T.A. KEIDERLING

Absorption and magnetic vibrational circular dichroism (YVCD) of CH X
(X - I, Br, Cl, F), and FH in solution have been measured in the C-H anA
N-F stretching and bending

3
regions. The results show vV'CP dominated by

monosignate B terms. The symmetric and asymmetric stretches have 4VCD of
opposite signs. Moment analysis indicates the magnitude of W NCD is greater
in the r normal mode vibration than in the A,; and that the magnitude
increases with increasing halogen mass. These results will be discussed
in light of various models of the origin of ?AVCD.

Address of evine and Neiderlini : ,Tniversity of Illinois at Chicago,
Department of Chemistry, P.O.Box 4348, hicago, Illinois, 60680.

RC8. (10:44)

SOME ASPECTS OF THE CIRCULAR DICHROISM MEASUREMENTS ON FOURIER TRANSFORM INFRARED
(FTIR) SPECTROMETERS

D. F. MICHALSKA AND P. L. POLAVARAPU

Vibritional circular dichroism (VCD) measurements using FTIR techniques were reported
recently. In these measurements, the VCD spectra are obtained by subtracting the VCD
measured for the two enantiomers of a chiral molecule. This is necessary to eliminate the
base line artifacts and to determine the zero line of VCD spectra. This procedure however
cannot be used when for a given optically active sample. (a). both enantioers are not
resolved (b). the enantiomers are not of same optical purity. Carbohydrates are one
series of molecules for which both enantiomers are not available. We present a procedure
to determine the zero line in such cases and ditcuss the experimental results. We also
present the first VCD measurements below 900cm •

IE. D. Lipp. C. Zimba and L. A. Nafie, Chem. Phvs. Lett., 90, 1(1982).

Address of Michalska and Polavarapu: Department of Chemistr., Vanderbilt University,
Nashville. Tennessee 37235.

RC9. (11:01)

FOURIER TRANSFORM INFRARED ABSORPTION AND CIRCULAR DICHROISM OF CARBOHYDRATES

D. M. BACK AND P. L. POLAVARAPU

Vibfational circular dichroism (VCD) studies on carbohydrates were undertaken
recently in C-H stretching region. Our investigations on carbohydrates are aimed at
two different aspects. One is to identify the vibrational bands that are characteristic
to different anomers in aqueous solutions. Second is to use this information to
understand VCD in mid infrared region. The results obtained in our investigation
using a Fourier transform infrared spectrometer will be presented.

iH. A. vel, Ph. D. Thesis, University of Minnesota (1981).

Address of Back and Polavarapu: Department of Chemistry, Vanderbilt University,
Nashville, Tennessee 37235.
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RCIO. (11:12,

SPECTROSCOPIC NDDULATION TECHNIQUES TO OBSERVE INFRARED SPECTRA FOR SPECIES IN THE ELECTRODE
SOLUTION INTERFACIAL REGION

J. W. RUSSELL. A. BEWICK. AND J. OVEREND

Two spectroscopic modulation techniques have been adapted for studies of infrared spectra
of species in the electrode solution interfacial region. ElectrocheuilsIly modulated infrared
reflectance spectroscopy, EMIRS, extends into the infrared the modulaated specular reflectance
technique previously used in the uv-visible region for identification of species produced during
redox reactions in electrochemical cells. Infrared reflection absorption spectroscopy, IRRAS,
previously utilized for studies of gas adsorbates on metals has also been successfully adapted
for use with metal substrates under potentiostatic control and adeorbates from aqueous solution.

EMIRS utilizes a square wave modulation of the electrode potential in order to discriminate
infrared absorptions by oriented species on or near the electrode surface from absorptions of
bulk solution species. Using a spectroelectrochemical cell with a working electrode mirror
positioned a few microns from an infrared window, sufficient infrared through-put is achieved
while maintaining potentiostatic control for modulation frequencies of 10-500 cps. Sensitivity
levels are such that spectra of submonolayer quantities of adsorbates with strong infrared bands
are observable. Since EMIRS spectra are difference spectra between species present at the two
selected modulation potentials, even strongly absorbing species whose surface concentrations,
orientations, and spectra are potential independent or weakly dependent may not be observed.
The complementary IRRAS method avoids this limitation.

IRRAS utilizes polarization modulation of the incident infrared radiation to make visible
for surface species only vibrational modes with non-zero surface normal dipole derivatives.
Although IRRAS has the advantage of retaining the electrode potential as a variable experimental
parameter, the sansitivity levels achieved to date are less than those obtained using EMIRS.

Examples of pectra for CO, HSO, C H N. and H 0 uwing Pt, Rh. Ag, and Au electrodes will
illustrate: (1) a strongly adsorbed moledule viIbli by EIRS due to the potential dependence
of its vibrational frequency, (2) a species whose surface concentration changes with variation
in the electrode potential, (3) a species whose infrared intensity depends upon the electrode
potential, and (4) a species whose structure is changed by changing the electrode potential.

Address of husseli: Department of jhemistry, Casiand Universit:, .oonester,
Xichigan 48063
Address of BewicK: Department of Chemistry, Southampton University, Louthamnton,
Hampshire, 309 51}{, ENGLAND

Address of Overend: Department of .heristr., Unlversity of Linnesota,
Kinneapolis, kinnesota 55455

RC1l. (11:3)

INFRARED SPECTROSCOPY OF PHYSISORBED MOLECULES ON ALKALI HALIDE SUn, A .'7

C.A. Baumann, W.C. Schinzer and G.E. Ewing

Vaporization of alkali halides has been used to produce high surface ar-
films which are transparent in the infrared.

1  
Small molecules adsorbed on ?uC:.

surfaces in sub-monolayer coverages have been studied by infrared spectroscot:
to characterize surface-adsorbate and/or adsorbate-adsorbate interactions

2
. -WV

have observed coverage-dependent absorptions due to CO on 77K NaCI films, wi:.
features attributed to multiple sites at the surface. Other adsorbed molecul, .
studied in our laboratory will also be discussed.

1. M. Folman and Y. Kozirovski, J, Coll. Interf. Sci. 18, 51 (1972) and
references contained therein.

2. J. Heidberg, S. Zebme C F Chen, and H. Hartmann, Ber. Buns. Ges.
Phys. Chem. 15, 1046 ?1971).

Address of authors: Department of Cheistry, Indiana University, Bloomington,
Indiana 47405
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RC12. (11:5 )

BOND POLAR PARAX"LETERS FROM INTEGRATED INFRARED INTENSITIE

B. GALABOV

Infrared band intensities can be decomposed into molecular polar

parameters. These parameters are used to characterize polar properties of

the molecules and for prediction of vibrational intensities. In this work

the theoretical aspects and some applicatlons or a recently developed proc-

edure for parametric interpretation of LI intens tieq are discussed. The

polar parameters used represent derivatives of the total dipole moment with

respect to linear and angular coordinates describing vibrational displace-

ments of individual valence bonds in a molecule. Some recent advances in

the theoretical approach will be presented.

IB. Galabov, J. Chem. Phys. 14, 1599 (1981).

Address of Galabov: Department of Chemistry, University of Sofia,

1126 . Sofia, Bulgaria.

q)
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REI. (1.30)

THEORY FOR VIBRATION-ROTATION-LARGE AMPLITUDE ITkTERNAL MOTION

INTERACTIONS

C. RICAARD qUADE AND YUHUA GUAN

A theory for vibration-rotation-large amplitude motion interactions
is being developed using curvilinear internal coordinates for the vibra-
tional degrees of freedom. A modified Nielsen transformation is used

to separate rotation from the 3N - 7 vibrations in zeroth order. lhen
the "H-transtormation" is used to separate the 3N-7 vibrations from the
large amplitude internal motion in the zeroth order kinetic energy. The

approach is applicable to any molecular system where the principal axes
of the equilibrium geometry do not change during the large amplitude
mo t i o n.

Address: Department of Physics, Texas Tech University, Lubbock, TX 7V40!

R1.2. (1:47)

THE INTERNAL COORDINATE FORMULATION OF THE VIBRATION-ROTATION ENERtIES

FOR SYMMETRIC TOP AND SPHERICAL TOP MOLECULES

WILLIAM B. CLODIUS AND C. RICHARD QUADE

The vibration-rotation Hamiltonians for the planar and non-planar

Xyi smmet ic top and XY and XY vspherical top molecules nave been
de ived to second order Asing cuqvilinear internal coordinates for the
vibrational degrees of freedom. Expressions for the anharmonic vibra-
tional spectroscopic coefficients and the vibration-rotation spectro-
scopic coefficients have been obtained trom the Hamiltonians. For these
coefficients, toe anharmonicities o both the rotational and vibrational
kinetic energies have been derived from the molecular geometries for all
of the types of molecules mentioned above. Quantative results have been
obtained from application to some typical symmetric top and spherical
top molecules.

Address: Department of Physics, Texas lech University, Lubuo2*, TX 79109

R-1. (2:04)

HIGHER-ORDER i-DOUBLING OF LINEAR MOLECULES

James K. G. WATSON

The k-doublinq in the degenerate node v of a linear molecule is of the form

J .q 1 * 2 2
LF - t qt JI

The qt term is simpler than other H terms of the effective Hamiltonian ari is -ou.,d to be
independent of the quartic potentia 

4
constants and2 to depend only linearly on the cubic

potential constants. A theoretical formula for qt is obtained and compared wi h
experimental measurements. The hiqh-1 limiting behavior of the energy levels with Vt  I
is also discussed.

Address: Herzberq Institute of Astrophysics, National Research Council of inada, Ot awa,
9ntario, Canada KIM 1P2.

5.i
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RE4. (2;21)

HIGH':R-ORDER VIBRATION-ROTATION CONSTANTS OF THE X 3 MOLECULE

JAMES K. G. WATSON

Higher-order vibration-rotation perturbation calculations are unusually simple for the

equilateral triangular X3 molecule because the main Coriolis terms H21 are diagonal in a

harmonic representation, so that the corresponding contact transformation function S2 1
vanishes. Formulas are obtained for several higher-order molecular parameters,

including the vibrational dependence of the centrifugjl and yoriolis constants. The

attempted application of these formulas to data for H3 and D3 will Le discussed.

Address: Herzberg Institute of Astrophysics, National Research Council of Canada, Ottawa,

Ontario, Canada KIM IP2.

RE5. (2:38)

SIMULATED ELECTRONIC SPECTRA OF HCN AND CNH OBTAINED WITH THE SEMIRIGID BENDER MODEL

S. C. ROSS AND P. R. BUNKER

The Semirigid Bender (SRB) model has been used to study the complete internal rotation
of HCN into CNH for both the ground and first excited electronic states. The bending potential
functions of these two states were obtained by fitting the SRB model to experimentally observed
vibrational energies and by incorporating various ab initio results where experimental data was
lacking. The SRB wavefunctions obtained from these potential functions, combined with wave-
functions for the stretching vibrations, were then used to simulate the electronic spectra for
both HCN and CNH.

Address of Bunker and Ross: Herzberg Institute of Astrophysics, National Research Council,

Ottawa, Ontario, Canada, KIA OR6

and Department of Physics, Carleton University, Ottawa, Ontario,
Canada, KIS 5B6

RE6. (2:50)

SENSITIVITY OF QUASI-EQUILIBRIUM SEMIRIGID MODELS TO ISOTOPIC SUBSTITUTION

G. A. NATANSON

As shown by the author I the maximum separation between a large-amplitude internal

motion and small-amplitude vibrations can be reached by the use of so-called quasi-equi-
librium semirigid models uniquely determined by the gradient of the adiabatic potential.

2
In contrast with semirigid bender models suggested by Bunker and Landsberg quasi-

equilibrium models depend on nuclear masses; and as a result asymmetric isotopic substi-
tution breaks their point symmetry. The role of such symmetry breaking is analyzed for

deutero-derivatives of water and ammonia molecules. Vibrational energy levels calculated
for different cuts of the 3-dimensional potential function are compared with the accurate
calculations carried out by Carney et al for various isotopes of water.

1 G.A.Natanson, Molec. Phys., 46, 481, 1982.

3 P.R. Bunker, B.M. Landsberg, J. Molec. Spectrosc., 67, 374, 1977.
G.D.Carney, L.A.Curtiss, and S.R. Langhoff, Appl. Spectroac., 30, 453, 1q76.

Address: Department of Chemistry, The University of Chicago, 5735 Ellis Ave.. Chicago,

Ill. 60637.

- - ------ - . . a n
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RE7. (3:15)

THE NONRIGID BENDER HAMILTONIAN FOR A QUASILINEAR TRIATOMIC MOLECULE AND ITi APPLICATION TO CH2

PER JENSEN AND P.R. BUNKER

The nonrigid bender Hamiltonian for the triatomic molecule was developed by Hoy and BunkerI

and used by these authors to fit experimental data for the bent H20 molecule. In the course of
using this Hamiltonian to calculate the rotation-vibration energy levels of CH22

2
.
3 

it was found
that for a quasilinear or linear molecule it is necessary to include some previously neglected
terms and to group some of the terms in a special way before attempting to calculate the eigen-
values. These modifications will be discussed.

The 61 available experimental transition frequencies for the three methylene isotopes
I'CH2, 1

3
CH2 and 1

2
C02 in the R

3
B, ground state have been simultaneously fitted usinq the non-

rigid bender model, a refined potential surface for this electronic state being obtained. The
results of the fit will be presented together with predictions of the stretching frequencies,
which have not been observed experimentally.

1
A.R. Hoy and P.R. Bunker, J. Mol. Spectrosc. 52, 439 (1974); ibid. 74, 1 (1979).

2
Per Jensen, P.R. Bunker and A.R. Hoy, J. Chem. Phys. 77, 5370 (1982).
3
P.R. Bunker and Per Jensen, J. Chem. Phys., to be published.

Address: Herzberg Institute of Astrophysics, National Research Council of Canada. Ottawa.
O-tario, Canada KlA OR6.

RE). ('3:32)

HCNO AS A SEMIRIGID BENDER: THE DEGENERATE v4 STATE

B. P. WINNEWISSER AND PER JENSEN

The manifold of large amplitude states (due to the HCN bending vibration at 224 cm
-1
)

superimposed on the v4 CNO bending state at 537 cm
"1 

for fulminic acid HCNO has been analyze4
using a modified version of the semirigid bender model previously described by Bunker et al.l
The v4 bending mode is degenerate in the linear limit and the semirigid bender Hamiltonian has
been modified to account for the v4 vibrational angular momentum around the molecular axis in
the linear limit, and for t-doubling effects.

Some of the experimental data used in this analysis were obtained from a spectrum of HCNO
between 500 and 660 cm

-
1 recorded on the high-resolution infrared Bomem interferometer at the

Herzberg Institute of Astrophysics, Ottawa. From this spectrum, molecular constants have been
determined for a number of vibrational states not previously observed: V41 + 2V5

° ,

V4±1 + 
3
vs 

1
7and v4±

1 
+ 3v5 ±1.

P.R. Bunker, B.M. Landsberg and B.P. Winnewisser, J. Mol. Spectrosc. 74, 9 (1979).

Address of Winnewisser: Physikalisch-Chemisches Institut, Justus-Liebig-Universitaet Giessen,
D-6300 Giessen, West Germany.

Address of Jensen: Herzberg Institute of Astrophysics, National Research Council of Canada,
Ottawa, Ontario, Canada KIA OR6.
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RE9.

(3:44)
CALCULATION AND INTERPRETATION OF THE VIBRATIONAL SPECTRA OF INTERACTING MOLECULES

STEVEN CHIN, T.A. FORD AND WILLIS B. PERSON

A system of programs has been developed to predict and interpret the infrared
spectra of molecules and different chemically interacting species of interest.
The frequency parameters (or force constants) and the intensity parameters (or
Atomic Polar Tensors (APT) are calculated using the Gaussian 76 program for ab
initio quantum mechanical calculations with a 4-31G basis set. The resultant-fre-
quencies and intensities have been used to predict the fundamental infrared spectrum
of water molecules interacting with different molecular and ionic species. The
corresponding frequency shifts and intensity chanqes from the spectrum of the non-
interacting water molecule are dependent upn, both the geometrical orientation and
the electron-donatinq properties of the interacting species. Ihe intensity parameters
can be further analyzed by using the charge, charge-flux, overlap (CCFO) interpre-
tation of the APT. This interpretation is helpful to pin-point the exact source of
the perturbation that produces the intensity change. The significance will be discussed
of each of these CCFO terms in predicting infrared intensities of molecules under-
going intermolecular interaction.

Address of Chin and Person: Department of Chemistry, University of Florida, Gainesville,
FL. 32611, USA

Address of Ford: Department of Chemistry, University of the Witwatersrand, Johannesburg,
South Africa

REI. (4:01)

ON THE COLLISION DYNAMICAL ORIGINS OF PRESSURE BROADEIfNG

J. GELFAND, J. J. BELBRUNO, K. VERGES, AND H. RABITZ

We have used the energy corrected sudden scaling theory approach to extract the component
collisional interactions of pressure broadened linewidths. Utilizing this approach we have been
able to account for the linewidths and their trends in the fundamental and overtone bands in the
HF, DF, MCI and CO systems, both self broadened and with various collision partners."

'  
The

results of these studies have allowed us to understand the behavior of pressure broadening in
terms of the underlying collision dynamics. We have found for example in the HF and HCI systems
that rotation-rotation energy transfer collisions are the greatest contributors to the line-
widths. Furthermore trends in the linewidths are dominated by the energetics of these types of
collisions. On the other hand, rotation-translation energy transfer collisions produce the dom-
inant contributions to the self broadened linewidths of CO and energetics are not as important
a consideration. In all systems studied so far we find that contributions due to elastic colli-
sions are small except for reorientation collisions for transitions arising froml low J states.
The effect of collision partners in the CO system will be reported. The temperature dependence
of pressure broadening will be discussed in terms of the underlying collision dynamics.

I DePristo et al, J.C.P. 74, 5031 (1981).

2 BelBruno et al, J.C.P. 75, 4927 (1981).

3 BelBruno et al. J.C.P., Flygare Memorial Issue, In press (March 1983).

Address of Ge;fand and Verges: Applied Physics & Materials Laboratory, Department of Mechanical
£ Aerospace Engineering, Princeton University, Princeton, New Jersey, 08544.
Address of BelBruno: Department of Chemistry, Dartmouth College, Hanover, New Hampshire, 03755.
Address of Rabltz: Department of Chemistry, Princeton University, Princeton, New Jersey, 08544.
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(4:18)

:ITROCEN BROADENED HALFWIDTHS OF Hrf IN THE 1-0 BAND

R. E. THOMPSON, J. H. PARK, M. A. If. SMITH, -. A. HARVEY, AND J. M. RUSSELL, III

Nitrooen-broadened halfwidths for seven lines in the fundamental infrared

band of 1iF have been determined from laboratory measurements at room temperature.

The spectra were recorded usinq a Fourier-transform spectrometer with a nominal

resolution of 0.060 cm
- 

. A non-linear least squares spectral fitting technique

was used in the data analysis to obtain halfwidth values for the P3 through R3

lines with an average uncertainty of approximately 15%.

Address of Thompson: Systems and Applied Sciences Corp., Hampton, VA 23666

Address of Park, Smith, Harvey and Russell: NASA Langley Research Center,
Hampton, VA 23665

RE12. (4: 30)

VIBRATIONAL SPECTRA FROM SEMI-CLASSICAL MECHANICS

D.-M. WARDLAW, 0. W. NOID, AND R. A. MARCUS

A spectral analysis method for classical trajectories, presented in Ref. 1, has been
used fairly extensively to examine the dynamical properties of molecular and model systems.
Results with this technique were shown to be in excellent agreement with quantum mechanlcal
results for the vibrational transition frequencies and dipole matrix elements of a Morse
oscillator.' In the present lecture, transition intensities for non-resonant and resonant
Hamiltonian systems are discussed. Current work is aimed at applying the technique to the
vibrational degrees of freedom of triatomic molecules. Advantages and limitations of this

spectral analysis are considered.

1D. W. Noid, M. L. Koszykowski and R. A, Marcus, J. Chem. Phys. b7, 404 (1977).
'M. L. Koszykowski, D. W. Noid and R. A. Marcus, J. Chem. Phys. 86, 211] (1982).

Address of Wardlaw and Marcus: Arthur Amos Noyes Laboratory of Chemical Physics,
California Institute of Technology, Pasadena, California, 91125.
Address of Noid: Oak Ridge National Laboratory. Oak Ridge, Tennessee, 37830.

RF13. (4:47)

ANHARMONICITY CONSTANTS IN ACETAMIDF AND THIOACETARMIDE

51BSANKAR BALA, PRAHHAT K. PANA AND PRADIP N. 1HOSH

The vibrationjl spectra of acetamide and thioasrtamide have been recorded.
Th 1300-1400 cm- regions of both the compounds exh.bit Fermi resonances. The
equations for Fermi polyad have been set up to obtain a number of anharmoni:
couplinq constants from the observed frequencies and their intensity ratios.
These constants have been used to obtain a set of anhermonicity constants. rhe
IR spectrum of aretsvlde eAhfbits a few hnt bands tentatively arising from
intermolecular hydrogen bonding N-H... 0. A potential function is presented
for this bond which can yield the intermolecular force constant.

Adaress of Bala and Ghosh : Department of Physics, University of Calcutta.
q2, A.P.C. Homd, Calcutta-

7
00009, India.

A e of Pan : epartment of Chemistry, Presidency College, 86/1, College
teet, CB cutt-700073, India.
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RE14. 4:57)

VIBRATIONAL 5PECTRUM AND NEARLY FREE lNfFRNAL RcfTION

SAJAL K. GAWNULY AND PRADIo N. GHOSH

The effect of coupling of a large amplitude internal rotation with the othef
3N-7 normal modes of vibration of an asymmetric molecule containing a symmetric
internal rotor has been evaluated. The perturbation cue to internal rotation
has been expressed in terms of tor3ional coriolis coupling and similar terms
contining the torsional angle nerivative of the normal modes. oy retaining only
the lower order terms in thes. coupling constants the first and second order
correction due to perturbation are evaluated with an unperturbed basis as the
product harmonic oscillator wavefunctions of the 3N-7 normal modes and the free
internal rotation wavefunction,

Numerical calculations are carried out for trans methyl nitrite which has
has a very low barrier to internal rotation. The variation of normal coordinates
with the torsional angle has been calculated by nirect numerical computation.
The torsional coriolis coupling leads to a significant shift of the normal
modes of vibration. The variation of normal modes with the torsional angle
shows a small contribution.

The effect of vibration-internal rotation interactions on the hot band
frequ"'ies due to internal rotation are also evaluated. The small contributions
show that the kinetic energy effect on the not band spacing is small and should
be expressed in terms of potential energy coupling(l).

1
S.K.Ganguly and P.N.Ghosn,Chem. Phys. Letters, 9L_,140,1982,

Address of Ganguly and hosh : epartment of lPhysscs, University of L.alcutta,
92, A.P.C. Road, calcutta- 7ooog, Indiao
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SF1. (.3C)

HICH RLSOLUTION P[IOTOELtCTRON SPECTRUMN OF THl E (0 j) STATE OF NO+

I. XIITN , L. KLASINC, B. KOVAC, AND R. MCDIARMID

Tie long, irregular vibrational structure of the t (2Mi1 ) state of NO
+ 

is interpreted
s 4 progression of Fermi resonainces between pairs of vihrational subbands of the A stare
that correspond to 2- + (v+5V , and vvz. Because of anharraonicity in the -, progression.
thie sep.1rations hetween successive pairs of interacting bands vary throughout the progression,
resulting in variable magnitude Fermi Interactions. This modeS, rather than the more usual
oe that incorporates ovcrtons otf v) is shown to acurately describe the experimental

tidLa.

,\(dres ef Cvitr-.i, KlanI-.l,_id Kovac: Th. Rug~vr Uogkovic Institute, Zagreb, Yugoslavia.
Address of Mctlarmid: National Institutes of lleatth, Bethesda, Maryland 20205.

RF2. (1:42)

:NVESTIGATION OF THE 550 nm REGION OF SUPERSONICALLY COOLEO NO2

AENG-CHIH SU and DAVID L. MONTS

The visible system of nitrogen dioxide is notoriously complex.' Low resolution absorption

spectra clearly shows a sudden increase in intensity and in complexity beginning at about 550 nm.

We report our investigation of the 550 nm region of NO2 cooled in a supersonic expansion, and

we discuss the relationship of this change to the electronic states of the molecule.

SD.K. Hsu, '.L. Monts. and R.N. Zare, Spectral Atlas of Nitrogen Dioxide Academic Press, New

York, 1978).

Address of Su and Monts: Department of Chemistry, University of Arkansas, Fayetteville, Arkan-

as z-T.

RF3. (1:59)

SPIN PERTURBATIONS IN THE N02 VISIBLE SYSTEM

DAVID L. MONTS and MENG-CHIH SU

Rotational analysis of the nitrogen dioxide visible system has revealed extensive spin per-

turbations. An example of the complexity of the spin perturbations is provided by the Ka' -0

subband of the 612.5 ni band: the lower energy spin components are strongly perturbed while the
higher energy spin components are relatively unperturbed although the to spin states are ex-

pected to have identical symmetry (El/2), Possible perturbation mechanisms are discussed and

the perturbation is compared to that of C102 which also exhibits a spin state-dependent pertur-

bation.
2

I .L. Monts, B. Soep, and R.N. Zare, J. Nol. Spectrosc, 77, 402-428 (197g).

2S. Michielsen, A.J. Merer, SA. Rice, F.A. Novak, K.F. reed, and Y, Hamada, J. Chem. Phys.

74, 3089-3101 (1981).

Address of Monts and Su: Department of Chemistry, University of Arkansas, Fayetteville, Arkan-

s~as 12701.

a s-Tll5.

mC'
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RF4. (2:16)

Collisional Transfer of Rotational Energy in the 2BI Electronic State

of Nitrogen Dioxide and Improved Vibrational and Rotational Constants

for the (0.2,0) and (0.3,0) States

J.L. Hardwtck

Collisional satellite lines have been observed in fluorescence from

nitrogen dioxide excited by the 4545A line of the argon laser. The 13013

level of the (0,8,0) vibrational level of the 2 electronic state is

populated by the laser and undergoes collisional relaxation to the 11ion

15 0,15 and 170,17 rotational levels of the same vlbronic state. These

collisionally populated states are identified by their fluorescence to

well-known levels of the ground electronic state and by comparison with the

absorption spectrum. Collisional satellites are also observed for fluo-

rescence to the (0.2,0)" and (0,3,0)" states. These transitions, together

with unrelaxed fluorescence lines, are used to obtain improved band origins

and rotational constants for those vibrational states.

Address of Hardwick:

Radiation Laboratory

University of Notre Dame

Notre Dame, Indiana 46556

RFS. (2:33)

THE NEAR ULTRAVIOLET ABSORPTION SPECTRUM (E BANDS) OF 12C34S2

J. L. HARDWICK, C. J. SELISKAR, AND C. KINARD

The absorption spectrum of 
12
C
34
S2 carbon disulfide has been photographed at high resolution in the

region 25500 to 29200 cm-
1
. Several hot bands with K= 9=0 hove been analyzed in the 63 A2-, + system

(Kleman ft system) and ground state B values and vibrational constants have been determined for v2 " = 2 and

4. Excited 6
3

A2 state B values and vibrational constants have been determined for v2 ' = 3, 4, 5 and 6 a

vl'= 0 and I. Further work on this bond system as well as accompanying ones in the some spectral region is in

progress.

Address of Hardwick: Radiation Laboratory, University of Notre Dame, Notre Dame, Indiana 46556.

Address of Seliskar and Kinard: Chemistry Department, University of Cincinnati, Cincinnati, Ohio 45221.

IbI
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RF6. (2:50)

ROTATIONAL PERTURBATION AND ZEEMAN EFFECT IN THE WA"- A
' 
TRANSITION OF HCF

T. SUZUKI, S. SAITO, AND E. HIROTA

Merer and Travis reported that the A'A"(010)- A'(000) vibronic transition
of HCF was remarkably perturbed.' In view of the importance of carbene
derivatives in various fields, we investigated this HCF band by cw dye laser
spectroscopy with the Doppler-limited resolution. Furthermore, we studied the
perturbed lines of the band under the magnetic field up to 2.3 T. HCF was
produced by the reaction of microwave discharged CF with CH3 F.

The subbands of Ks-K; = 3-4, 2-3, 1-2, 0-1, 1-0, 2-1, 0-0, 1-1, 2-2, 2-0,
and 0-2 were assigned using ground state combination differences. Every subband
was found to be perturbed to some degree. The perturbations observed in this

band were very irregular except the low J transitions with KA=I. The
perturbations for the K-1 levels were well explained by an electronic Coriolis
interaction with a highy excited vibrational level in the electronic ground
state. The irregularly perturbed lines often showed considerably large magnetic
activity. Therefore the origin of some of these perturbations has been believed
to be the lowest triplet state.

'A. J. Merer and D. N. Travis, J. Mol. Snectrosc. 44, 15 (1966).

Address of Suzuki, Saito, and Hirota: Institute for Mol cular Science,
Myodaiji, Okazaki 444, Japan. I
RF7. (3:15)

LASER EXCITATION SPECTkUM AND MICROWAVE OPTICAL DOUBLE RESONANCE SPECTRUM

OF THE 30 BAND IN THE aAz- 'Ai SYSTEM OF H2CS

T. SUZUKI, S. SAITO, AND E. HIROTA

The cw dye laser excitation spectrum of the 3 band in the a - 'A,

transition of H2CS was observed in the region 15280 to 15400 cm-1 with Doppler-
limited resolution. H2CS was generated by thermally decomposing (CH2 )3S.

The observed spectrum was analyzed to yield precise values for the rotational
constants, the centrifugal distortion constants, and the spin-spin and spin-

rotation interaction constants in the upper triplet state and for the band
origin. Transitions with K1=4 and 5 revealed the effect of the c-type Coriolis

interaction between the v1
4
T and v1=l states. Through the analysis nf this

Coriolis interaction the J3-V6 difference was determined to be 99.322 cm
-
'.

Fifteen X-type doubling transitions of Ka=l and 2 and two a-type R branch
transitions with Kal in the t state were observed by a microwave or radio-
frequency optical double resonance technique. Two K-type doubling transitions

of Ka-l and two R branch transitions were resolved into three hyperfine
components. From the observed splitting the proton hyperfine constants were
determined to be aF=

27
.
7
(
2
5), Tbb+Tcc=1

2
.8(

4 4
), and Tbb-Tcc-

7
.8

9
(1

9
) with one

standard errors in parentheses.

Address of Suzuki, Saito, and Hirota: Institute for Molecular Science,

Myodaiji, Okazaki 444-, Japan
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RFS. (3:32)

WHY IS FORMALDEHYDE NONPLANAR IN ITS Sl(-*,n) ELECTRONIC STATE?

K. K. INNES

Abnormally low energy levels observed for the out-of-plane vibration .4(bl) of the
AlA 2(S1 ) electronic states of H2CO, HDCO and D2CO are modeled in turn by means 9f two-state
calculations of vibronic coupling between 51 and a higher-lying sinqlet state SIB 2 ($2 ). The
active vibration is v4 . In each case the vibronic calculations reproduce also the lare
positive anharmonicity of 4 in the Sl state; the calculated vibrational spacinq alternates
as observed and consistent with the known pyramidal qeometry. Accordinaly, the known
double-minimum potential for in the Sl electronic state is attributed to vibronic inter-
action of 51 and S2 with c'nsequent "pseudo Jahn-Teller distortions." Vibronic couplinq of
Sl and S2 by .4 was earlier proposed to account for most of the intensity of the (electric-
dipole-forbidden) 51-S0 transition. The coupling constant estimated from the intensity
data is close to that obtained in the present modelinq of enerqy levels. This aqreeent is
taken as confirmation that the couolinn is a major cause of the chanoe of shape of formal-
dehyde in its SI-SO transition. The more extreme distortion of the potential of the analo-
gous triplet state 

3
A2(n*,n) of D2CO also is modeled successfully.

Address of Innes: Department of Chemistry, State Universitv of New York, Biniharton,
New York 13901

RF9. (3:4'9

THE ELECTRIC DIPOLE MOMENT OF THE A !A2 STATE OF FORMALDEHYDE BY STARK QUANTUM BEATS

MARTIN CARRERA, P.H. VACCARO, H.-L. DAI, AND R.W. FIELD

Low-J rotational levels in the v4 = 2 vibrational level of the H2CO A A2 state areexcited by a Nd:YAG pumped frequency-doubled dye laser. An electric field is applied in a
direction perpendicular to the linear laser polarization. Quantum beats are observed between
IMI and IM±21 levels originating from the same JK K asymetry component. The electric
field is varied over the interval I to 5kV/cm a, c and quantum beats in the 4-40 MHz
range are observed with an accuracy of tO.O2MHz. The dependence of the measured Stark
coefficient on J and Ka is a probe of Coriolis perturbations within the A state and
interactions between the prepared A level and the "lumpy continuum" of the i state.

Address of Carrera, Vaccaro, Dai and Field: Department of Chemistry, Massachusetts
institute of Tecnnology,-j i5Tage, Massac-Wusetts 02139.

RFIO. (4:06)

ZERO FIELn AND ZEEMAN QUANTUM BEATS IN THE ACETYLENE A 1Au STATE

M. LONBARDI, E. ABRAMSON, AN R.W. FIELD

The HCCH A'Au state, when excited by IOns pulsed radiation at 221nm from a Nd:YAG
pumped, frequency doubled dye laser, exhibits at least one Inglet-triplet quantum beat in
the 0-200 Gauss interval for every rotational level of the A v? - 3 K I level examined.
These experiments provide information concerning the density of triplet vibronic levels and
their gj-values as well as the singlet-triplet perturbation matrix elements.

A dress of Lombardi: Laboratoire de Spectrometrie Physique, Universite Scientifique et
dcaTe e Grenoble, B.P. 53X, 38041 Grenoble - Cedex, France.

Address of Abramson. Kinsey and Field: Department of Chemistry, Massachusetts Institute of
Technology, Cambridge, Massachusetts 02139.
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i'11. (4.23)

STIMULATED EMISSION SPECTROSCOPY OF H2CO

H.-L. DAI, D.E. REISNER, P.M. VACCARO. C. KORPA, R.W. FIELD, AND J.L. KINSEY

A new technique, Stimulated Emission Pumping (SEP), has been used to examine the
rotation-vibration structure of the I 'A1 state of formaldehyde at energies up to 104 cm-1

.

A complete set of 21 Xij anharmonicity constants has been determined from a,b, and c-type
A -X transitions from the 41 level and from numerous Coriolis and Fermi perturbations. B
and C rotational constants as well as dipole moments are observed for many highly excited
levels of the t state.

Coriolis perturbations are extremely numerous at high vibrational excitation and the SEP
technique makes their analysis trivial. Although nonrotating vibrational levels exhibit
large and systematic structural differences, at J - 10 and K - 3 Coriolis mixing minimizes
these differences so that all properties become locally averaged. This has important
implications about the possibility of level-specific chemistry.

Address of Dai, Reisner, Vaccaro, Korpa, Field, and Kinsey: Department of Chemistry,
Massachusetts Institute of Technology, Cambridge, Massachusetts 02139.

RF12. (4:40)

STIMULATED EMISSION SPECTROSCOPY OF ACETYLENE. STRUCTURE OF THE Y "TATE AT 28000 cm-'
§

E. ABRAMSON, 0. INRE, J.L. KINSEY, AND R.W. FIELD

The 28000 cm- region of the Xil + state of HCCH is examined by Stimulated Emission
Pumping (SEP) from the v3 = 2 and 3,R - 1 levels of the trans-bent A'AAu excited state. In
contrast to the situation for high overtone spectroscopy which accesses primarily C-H
overtones of u-symmetry, SEP samples C-C and trans-bend levels of g-symmetry.

Among the most striking features in the SEP spectra are - 2 cm
- 

wide clumps (about I
clump per 10 cn

"
) each consisting of - 20 0.02 cm-

1 
wide lines. The clumps appear to be

K' - 1 * K" 0 sub-bands. Although no correlation has been found between the fine structure
of clumps observed for consecutive J'-values, the centers of gravity for all observed clumps
appear to be well described by a rotational constant 8 - 1.166 cm-

1 
which is surprisingly

similar to the value B = 1.177 aim-1 for the vibrationless level.

Density of state calculations suggest that each clump corresponds to a combination of
the three totally symmetric normal modes (in C2 these are C-C stretch, symmetric H-C
stretch, and trans-bend) and that the lines h within each clump correspond to all
states of Ag (Ig+) symmetry.

Address of Abramson. ImreKinsey and Field: Department of Chemistry, Massachusetts
Institute of Technology, a'IdG iassachusetts 02139.

RF13. (4:57)

LASER INDUCED FLUORESCENICE SPECTROSCOPY OF MOLECULAR IONS AND IONIC CLUSTERS

TERRY A. MILLER, L. DI MAURO, M. HEAVEN, AND V. E. BONDYBEY

An excimer laser (ArF) has been used to produce 2-photon photoionization
of organic molecules, e.g. C6FJ, C6H3Fg, etc. in a free jet expansion. Laser
induced fluorescence spectra-of these Bare ions cooled to near 0°K has been
observed. Moreover, spectra of these same ions complexed with the inert
gases, He, Ne, and Ar have been recorded. A description of these ion
cluster spectra will be given. Differences in spectral shifts, lineshapes,
.etc., and their implications for bonding energies will be described. Other

observations will be briefly discussed.

Address of Miller, Di Mauro and Bondybey: Bell Laboratories, 600 Mountain
Avenue, Murray Hill, NJ 07974
Address of Heaven: Dept. of Chemistry, Illinois Institute of Technology,
Chicago, IL 60616
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RGI. (I-30)

ASYIMETRY OF T1E 1%"ERCOLLISIONAL DIP IN PRESSURE-INNCED INFRARUD SPECTRA*

2. D. KELLEY .Cb S. L. BRAGG

lnfrared spectra in the fundamental band Df molecular hydrocen, including Q and S branch
quadrupole I and presbure- nd-uced dipole

1 
features, have been analyzed. The absorption dip

in the presnure-inducvd dipole contribution to ti e Q branch Is seen to have a definite anti-

symmetric component. The dip has been previously attributed
3 

to anticorrelation between

the dipole moments induced in successive binary collisions; this anticorrelation produces

a dip syrtnetric about line center.

In this work the original theoretical argument
3 
has been extended to include phase shifts

in the molecular wave functions resulting fro. the collisional interaction. The appropriate

dipole moment autocorrelation function has been constructed, and the resalting absorption dip

"line shape", obtained from the Fourier transform of the autocorrelation function, has both

a symmetric and antisymmctric corponent given by

W(W) - - sinc) (1 + w2 2)-1

for cosa z 1. In this equation w is the frequency measured from line center, a is the single
collision phase shift, and t characterizes the exponential distribution of intervals between

collisions. 
c

The data for pressure-induced Q(O) and Q(l) absorption dips are shown to be well fir by
W(w), and the value obtained for a (- 0.1 rad) is consistent with a simple repulsive inter-

action collision model.

*This work is supported by the McDonnell Douglas Independent Research and Development

Program.
1. S. L. Bragg, "An Experimental Study of the Vibrational -Rotational Spectrum of Molecular

Hydrogen", thesis. Washington University (1981).
2. S. L. Bragg. J. W. Brault, and W. H. Smith, Ap. J. 263, 999 (1982).
3. J. Van Kranendonk. Can. J. Phys. 46, 1173 (1968).

Address of authors: McDonnell Douglas Research Laboratories, Box 516, St. Louis, MO 63166

RG2. (1.47)

OBSERVATION OF THE AJ - 5 PURE ROTATIONAL TRANSITION IN SOLID HD

CHEN-HSIN LIEN, K. K. LO, J. R. GAINES, and K. NARAHARI RAO

The infrared spectrum of solid RD has beenjobtained using a Fourier Trans-

form Spectrometer with a resolution of 0.04 cm . The AJ - 5 transitions in the

pure rotational and vibratin-rotation regions have been 2aterved. The measured

wavenumbers are 1318.26 cm for the V (0) and 4486.66 cm for the V 1.(0)

transitions. An attempt t- interpret ?his transition by 32-polar inducld dipole

moment yieldf6 a t~eoFetical value of the integrated absorption 
coefficient a

as 1.4 x 10 cm as . This slparis-yell with the measured integrated ab-

sorption coefficient 1.1 x 10 cm a for V0 (0).

The U (0) and V (0) transitions have also been observed and their inte-

grated absgrption coilicients have been measured. The AJ - 3 transitions are

found to be overlapped by the double transitions of HD. However, the

T 1 0(0). Q 1 0(0) + T0 (0) transitions have been identified.

Address: Department of Physics, The Ohio State University, Colmbus. Ohio.

43210
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RG3. (2:04)

HIGH RESOLUTION SPECTROSCOPY OF THE OVERTONE BANDS OF HD*

B. A. HARE, N. E. MICKELSON
+
, AD J. T. TRAUGER

+

High resolution spectra of the 2-0 through 6-0 vibrational-rotational bands of the
hydrogen deuteride molecule have been obtained using the Kitt Peak Solar FTS at a resolving
power in excess of 600,000. Measurements were made on a room temperature gas sample contained
in a 2-meter White cell. Pressures ranging from 200 to 1400 torr were used at a psthlength
of 56 meters. Line positions, pressure shifts, intensities, and line profiles have been
determined. A value for the self-broadening pressure-broadening coefficient has been deter-
mined from nonlinear least-squares fits to a Galatry model. Additionally, a set of equilibrium
constants will be presented based on these and other precision line positions.

*Research supported in part by grants to Denison University from The Research Corporation
and the Denison University Research Foundation and to California Institute of Technology
from NASA Grant NGL 05-002-003.

+Visiting Astronomers, Kitt Peak National Observatory, operated by AURA Inc., under
contract with NSF.

Address of Hare and Mickelson: Department of Physics, Denison University, Granville, OH 43023.

Address of Trauger: Division of Geological and Planetary Sciences dand Jet Propulsion Laboratory,
California Institute of Technology, Pasadena, CA 91125.

RG4. (2:16)

RAMAN SPECTROSCOPY OF HYDROGEN ISOTOPES: DETERMINATION OF EFFECTS OF CHANGES IN POLARIZABILITY

ANISOTROPY ON INTENSITIES

KIRK VEIRS and GERD M. ROSENBLATT

Accurate rotational-vibrational relative intensities of each of the isotopic species of
hydrogen are determined from gas phase Raman spectroscopy. Previously unreported line
positions for D2, HT, DT, and T2 have been determined. The Raman shifts agree with
theoretical energy levels for D2 (theoretical values for Tritium containing species are not
available), but differ from published spectroscopic constants at high J. The results have
implications for the application of Raman-based spectroscoples of hydrogen as a temperature or
state-population probe in high temperature systems.

An external cavity configuration for an Ar
4 

laser was constructed which delivers 160
Watts at 488 nm for gas phase Raman spectroscopy. A Spex 1403 double monochromator with
photon counting and digital data collection allows accurate intensity measurements to be
made. 0- and S-branch rotational-vibrational line intensities are measured for H2 , D2,
T2, HO, HT, and DT with an order of magnitude increase in precision and accuracy over
earlier measurements on H2 and 02.

The first derivative of the polarizability anisotropy with respect to internuclear
distance may be extracted using first-order perturbation theory (it is expected, however, that
first-order perturbation theory is inadequate to describe the rotational-vibrational Raman
intensities of hydrogen isotopes). Neglecting the variation in polarizability anisotropy can
lead to 10% errors in the determined temperatures or state-populations when using Reman
spectroscopy of hydrogen as a probe in high temperature systems (above 1O00K).

Line positions up to the pure rotational S(8) transition in 02 and the Q(11) transition
in T2 were seen and the predicted positions using the most recent molecular constants were
in error by 1.5 cm-

1
. For high J values the line positions are best determined from

theoretical calculations as the molecular constants cannot be accurately extrapolated beyond
the highest J values (above J-6 in H2) used in their determination.

Kirk Veirs: Los Alamos National Laboratory, Chemistry Division, Mail Stop C348,
Los-IAlamo, New Mexico 87544
Gerd M. Rosenblatt: Los Alamos National Laboratory, Chemistry Division, Mail Stop J563.
Los Alamos, New Mexico 87544



141

RG5. (2.28)

RA AN SPECTRUM Or PYRIDINE RESONANT TO THE S,(r-7*) STATE*

I. SUZUKA, Y. C. CHUNG AND G. E. LEROI

The Raman speCtIL1o of 1,yridine (C5ItN), resonant to the S2 (n-n*) excited electronic

state, has been stuJic,! In the vapor phase under 2b6.0 nm excitation. The active

vibrational nudes and the s:attered intensity distribution are very different from those

of the preresonance HR-man .oectrum of the Sl(n-v") state. The observations will be
2 3compared t. rre,;ot

'
- stadie, on benzene and pyrazine, and interpreted in terms of

vibronic C00111 L n .

1
Y. Mochi:uk". ". i 3.' %I. ito, J. Chem. Phys. 65, 4163 (19-b);
Chem. Ph ,s. "., jr .i ;).

2L. D. xeler aod co-wor.rers, J. Chem. Phys. 67, 2753 (1977); 68, 1248 (1978);

31. Suzuka, N. Wi ~wz :.ni .. Ito, Chem. Phys. Letters 64, 333 (1979).

*Researcn supported ,tarz by the U. S. National Science Foundation

Address .,f S:,:., g. of Engineering, Nihon University, Koriyama,
iii -.,,i-.a-ken 963, Japan

Address of Chuni and , Department of Chemistry, Michigan State University,
East Lansine. MI 48824.

RG6. (2:45)

PRERESONANCE R.M4AN EXCITATION PROFILES OF CAROTENOIDS*

C. M. PHILLIPS AND G. E. LEROI

It is now well established that the lowest excited singlet electronic .tatE in

linear polyenes of at least moderate length has the same parity as the ground tate,

and is thus forbidden in normal one-photon absorption. The (allowed) 118u-!AI

transition energy reaches an asymptotic value for long polyene chains; however, rhi

corresponding behavior for the 2A -Il A excitation has not been determined. In orderg g
to locate this "hidden" state in polyenes possessing 9-15 C=C bonds, we are stud:.'in,
the preresonant Raman scattering from a series of carotenoids. The relativ,; ';rtensit.,

of the C=C stretch of the solute to a neighboring cyclohexane solvent ,,x-de s ,:csulo-

as the exciting line is tuned through the region of interest. The presencc oT ao unjef-

lying state is manifest by interference features on the Raman excitation Froi-ie, anti
we have interpreted the profile of 8-carotene (n-9) accordingly.

3 
We :eoort Iere orres-

ponding measurements for lycopene (n=ll) and decapreno-8-carotene (n-L3,. F.tim',-,t.

the 1 A state origin based on these observations will be presented, ai tvend in£
energy gaps with variation in chain length will be discussed.

*Research supported in part by the U. S. National Science Foundation.
B. S. Hudson, B. E. Kohler and 1.. Schulten, in Excited States, Vol. I, E. C. ..i e-. ii

(Academic Press, New York, 1982).
'J. Friedman and R. N. Hochstrasser, Chem. Phys. Letters 32, 414 (1971).
3
R. J. Thrash, H. L.-B. Fang and G. E. Leroi, J. Chem. Phys. 67, 593'

. 
,").

Adress of Authors: Department of Chemistry, Michigan State University, :ast .. s,*., f
MI 48824
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RG7. (3:15)

AQUEOUS PYRIDINE BOROHYDRIDE-SILVER SOLS. I. DEPOLARIZATION RATIOS AND POLARIZATION

DISPERSION

Howard D. Stidham and Scott M. Harris

Depolarization ratios of surface enhanced Raman scattering (SERS) active fundamentals if
pvridine in aqueous sodium borohydride generated silver sols are reported for a number of
different pyridine concentrations. Observed depolarization ratios fluctuate substantially
in intervals of time short compared with the time required to complete depolarization ratio
measurements. These ratios are between I and 1/3, are essentially the same for all SERS
active pyridine vibrations in a particular preparation, and evolve in time toward a limiting
value of 1/3. Dispersion of polarization which evolves in time is found in the so-called
molecule-metal stretching vibration found near 225 cm

- 1
. A simple physical model of the

scattering process is suggested which accords closely enough with these facts to he useful
while retaining sufficient simplicity to allow qualitative insight into the behavior of
these complex colloidal systems.

Address of Stidham and Harris: Department of Chemistry, University of Massachusetts,
Amherst, Massachusetts 01003.

RG8. (3:27)

AQUEOUS PYRIDINE BOROHYDRIDE-SILVER SOLS. II. MULTIPLE SITE ADSORPTION

Howard D. Stidham and Scott M. Harris

Raman spectra of pyridine-2,6-4d, pyridine-3,5-d,. pyridine-4-d and pyridine in aqueous
sodium borohydride generated silver sols display time evolving multiplicity of A1 surface
enhanced Raman scattering (SERS) active bands. Addition of gelatine, polyvinyl alcohol or
agar agar alters the intensity characteristics of some components of each SERS active vi-
bration, allowing identification of bands in pyridine adsorbed onto different crystal faces
of the metallic silver substrate. The isotopic data allow investigation of alterations of
the molecular force field induced by adsorption onto different sites.

Address of Stidham and Harris: Department of Chemistry, University of Massachusetts,
Amherst, Massachusetts 01003.

RG9. (3:39)

AQUEOUS PYRIDINE BOROHYDRIDE-SILVER SOLS. IllI. PYRAZINE AND PYRAZINE-d

Howard D. Stidham and Andrea M. Femino

Pyrazine-d, a crystalline solid at room temperature with a melting point near 55°C. h:il
been prepared. The Raman spectrum of the melt well above the melting point and the infrared
spectrum of the vapor are presented. The molecular symetry is reduced by the isotopic
substitution to C , and the vibrations are all either in-plane or out-of-plane. Those with
C type contours iW the infrared must have depolarized Raman counterparts, and those with
polarized Raman bands must have infrared counterparts that lack the strong central prom-
inence of the typical type C band. Preliminary assignments are given and compared with
results of earlier investigations of isotopic pyrazines. The state of polarization of
Raman bands of pyrazine and pyrazine-d adsorbed onto aqueous sodium borohydride generated
silver sols is discussed.

Address of Stidham and Femino: Department of Chemistry, University of Massachusetts,
Amherst, Massachusetts 01003.
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RCIO. (3:51)

INTENSITY SUM RULE FOR ITERATED VIRGULATE STRUCTURES

Howard D. Stidham

Schaufele and Shimanouchil first showed that the low frequency Raman active vibrations
of long chain hydrocarbons could be explained as longitudinal acoustic modes associated with
odd numbers of nodes, or zeroes of the motion, along the hydrocarbon chain. The experimental

Raman data display intensities that are qualitatively described in the original work, in
which a polarization dependence of the form

, .. + iAQi + "'" (1)

was assumed. To the extent that this bond polarizabilitv model can be applied to real
molecules, there is a precise intensity sum rule which is embedded in the mathematics of the
transformation from the basis coordinates -I to the normal coordinates Q. appropriate to

such iterated virgulate structures. If I, is the reduced mass for the motlon Ali, the sum
rule has the form

n-l or n-2
1 T(31 0/ ) 1 (2)

.odd- 1

In this paper, this intensity sum rule will be derived, and the scope of applicability will

be discussed. Some real physical examples will be presented.

1
R. F. Schaufele and T. Shimanouchi, J. Chem. Phys. 4Z, 3605 (1967).

Address of Stidham: Department of Chemistry, University of Massachusetts, Amherst,
Massachusetts 01003

RCII. (4:03)

TIME RESOLVED RESONANCE RAMAN SPECTROSCOPY Or PHENOXYL RADICALS

G.N.R. TRIPATHI AND R.H. SCHULER

Time resolved resonance enhanced Raman spectra of a number

of phenoxyl radicals, produced in the pulse radiolytic oxida-

tion of aqueous solutions of phenols, have been obtained and

analysed. These radicals absorb in the spectral region 390-450 nm

(c % 3-7x10
3 
M-Icm

-1
) and exhibit moderate but sufficient reso-

nance enhancement when excited at their absorption peaks to be

detected at microsecond times at 10
- 5 

M concentrations. They

are highly reactive and have been observed to decay at diffusion

controlled rates (k > 109 Mis-1). The observed resonance Raman

spectra, their structural implications and decay kinetics will

be discussed.

Address - Radiation Laboratory and Department of Chemistry,

University of Notre Dame, Notre Dame, Indiana 46556

9.i
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RGI2. (4:20)

CARS MEASUREMENTS IN TURBULENT FLAMES

L. P. GOSS

A CARS system capable of simultaneous thermometry and N2 -number-density measurements has
been designed, constructed, and used to study a very turbulent propane diffusion flame. The
CARS data obtained with this instrument were used to construct probability density functions,
correlation diagrams, and contour maps of the turbulent flame. A comparison of the measured
flame quantities with adiabatic flame predictions will be discussed.

Address of Goss: Systems Research Laboratories, Inc., 2800 Indian Ripple Road, Dayton, O 45440

RG13. (4:37)

ULTRASENSITIVE COHERENT RAMAN SPECTROSCOPY OF THIN FILMS AND SURFACES

W. M. HETHERINGTON, G. I. STEGEMAN, R. M. FORTENBERRY AND N. E. VAN WYCK

The structures of thin films, surfaces, and adsorbed surface species can be Investigated

using a new nonlinear optical method based on coherent Raman scattering and planar optical
waveguides. Vibrational spectra are obtained from species in or on thin films into whlch laser
beams have been coupled. Surface species down to submonolayer cover ,es can be detected
through a coherent Raeman interaction with the evanescent fields extending above the film.
Extensive calculations have been performed, including background reduction considerations,
which agree with the experimental results based on polymer and metal oxide films.

Address of Netherington and Van Wick: Department of Chemistry, University of Arizona, Tucson,
Arizona, 85721.

Address of Stegeman and Fortenberry: Optical Sciences Center, University of Arizona, Tucson,
Arizona, 85721

RG14. (4:52)

TRANSIENT GRATING SPECTROSCOPY USING THE PHASE CONJUGATE CONFIGURATION

E. J. HEILWEIL and R. M. HOCHSTRASSER

The picosecond time dependence of a specific nonlinear signal generated in the fully
resonant and degenerate phase conjugate configuration is presented. This particular
Fourier component was explored in a previous nonlinear optical mixing experiment

(H. Souma, E.J. Heliweil, R.M. Hochatrasser, J. Chem. Phys. 76(12),5693, 1982) where
it was found to contain both electronic and thermal relaxation contributions. These
portions are clearly time resolved in the present study where features arising from
optical mixing and subsequent thermal grating formation and decay are exhibited.

Experiments performed on the dyes Rhodamine 6G and Cresyl Violet in ethanol as well
as aqueous colloidal gold solutions will be discussed. Nonradiative energy deposition
of heat into the solvent by excited state vibrational energy relaxation and thermal

conduction from transiently cooling metal spheres is demonstrated by these systems.

Address: Department of Chemistry and Laboratory for the Research on the Structure
of Matter, University of Pennsylvania, Philadelphia, Pennsylvania, 19104.

ob-
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RHI. (1:30)

INFRARED SPECTRA OF MATRIX ISOLATED HYbROGEN FLUORIDE AND VIBRATIONAL PREDISSOCIATION

OF THE DIMER, R. L. REDINGTON AND D. F. HAIILL

Infrared spectra are reported for HF species and their deuterated isotopomers
isolated in solid Ar, N2, and CO and in various binary mixed matrices. HF stretching
and FH... F bending fundamentals are observed for several dimer isotopomers. The HF
molecule forms appreciable hydrogen bonds with CO and H 0, and HF stretching frequencies

are reported for the Ar-isolated bimolecules PH... X, wiih X = Kr, Xe, N2, CO, and H 0.
The Ar matrix isolation data are compared with the vapor phase infrared absorption 4ata

and the laser-induced vibrational predissociation data, and values are proposed for all
six fundamental frequencies of the dimer. In an attempt to reconcile the various obs-
ervations, our analysis also includes a predissociation lifetime correlation suggested
to us by current theory. It makes use of the vibrational predissociation lifetime
ranges repoLeed for bands in tLe ]IF stretching region. The proposed interpretation

suggests a low picosecond timescale for vibrational predissociation of the V state,
with longer lifetimes associated with proposed-V and-V +- states. The o~served life-
time ranges correlate with the relative translational eiergies of the product monomers

when it is assumed that the excitation energy quickly accesses similar incipient vibrat-
ional predissociation channels from any of the initially excited vibrations.

Address: Department of Chemistry, Texas Tech University, Lubbock, Texas 79409.

RH2. (1:47)

MATRIX ISOLATION STUDY OF SO,"AMINE COMPLEXES

Craig S. Sass and Bruce S. Ault

The infrared spectra of the reaction products of SO2 with NH, CH NH,,
(CH 3 ) NH and (CH )3 N were studied in both argon and nitrogen matrices." The
1:1 aaducts of SO, with all of the bases were observed, as was the 1:2 adduct
of SO, with NH 3. It was found that the frequency of the S-O stretching modes

decreased wit4 increasing basicity of the amine. For example, v 3 decreased
from 1338 cm in SO * NH3 to 1270 cI

- 1 
in SO,.N(CH 3 ) .. This indicates that

SO, acts as a acciptor. A correlation cari then b made between the force
cotistants of the complexed SO 2 and the proton affinity of the base.

Department of Chemistry
University of Cincinnati
Cincinnati, OH 45221

RH3. (2:04)

INFRARED MATRIX ISOLATION STUDIES OF REACTIVE OXYANIONS

Shelle J. David and Bruce S. Ault

The oxide salt/molecule reaction technique was recently 4eveloped for the
formation of oxyanions in matrices, through the transfer of O4

" 
from TIO to

a suitable acceptor. The reaction of T1 2 0 with Ar/SO, produced a numbe of
product bands. Moreover, the concentration and temperature dependence of the

product bands suggested that more than one species was formed. The first set
of bands has been assigned to the SO 2- anion with an effective symmetry of

less than C3  due to ion pairing. T~e second series of product bands has been
assigned to The symmetrical 0SOSO,- structure for the disulfite ion. This
technique is currently being Appli d to the reaction of T1 2 0 with BF in inert
matrices. To date, no assignments have been made for the product spicies.

Department of Chemistry
University of Cincinnati
Cincinnati, OH 45221
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RH4. (2:21)

MATRIX ISOLATION VIBRATIONAL SPECTRA OF METAL COORDINATED OXYANIONS. THE

USE OF ISOTOPE PATTERNS AND BAND INTENSITIES IN STRUCTURAL CHARACTERIZATION

OF HIGH TEMPERATURE MOLECULES

L.BENCIVENNI, KA. GINGERICH AND 5a&.AA 2U .

IR and Raman spectra of alkali MX04 (X. ReRuCl), M2 XO4 (X a S,Cr.Mo,

WRu), MVO3 and NX% (X = V. Sb, As) species have been studied to establish

their stucture. The metal isotopic shift of the stretching mode from high

resolution IR spectra and band Intensity measurements have been used to

evaluate the bond angles and compared with the electrcn diffraction data.
180 enrichment studies along with normal coordinate analyses further oonfirm

the band assignment.

Address of L. BENCIVENNI' LABORATORIO DI SPETTROSCOPIA "LZCOLARE DEL CENTRO

DI TERMODINAMICA CHIMICA ALTE TEMPERATURE (CNR), ISTITUTO CI CHIMICA FISICA,

UNIVEESITA DI ROMA, 00185 ROMA (ITALY)

Address of N.A. GINGERICH and R.N. NAGARAT A&S DEPARTMENT OF CHEMISTRY,

TEXAS A&M UNIVERSITY, COLLEGE STATION. TEXAS 77843 (U.S.A.)

RHS. (2:38)

INFRARED SPECTRA OF THE MATRIX-ISOLATED CHLORIDES OF IRON, COBALT, AND NICKEL

D. W. GREEN, D. P. McDERMOTT, AND A. BERGMAN

Iron, cobalt, and nickel metal cathodes were sputtered with various mixtures of
17CI 2/

3 5
Cl/Ar to produce Ar matrices at 14 K that contained the mono-, di-, and trichlorides

of the corresponding metal. The measured infrared absorption spectra of these matrices al-
lowed the identification and characterization of FeCl , FeClj, CoCl, CoCI7 , CoCl,, and NiCI
The derived vibrational constants of the electronic ground state of "'Co"Cl are
we 

= 
457.8 t 3.0 cm

-
1 and wexe = 2.0 - 1.5 cm

-
1. The antisymmetric stretching mode frequen-

cies of six isotopomers of FeCl. and three isotopomers of CoCl were identified and measured.
The dichlorides of iron, cobalt, and nickel were all determined, in contrast with previous
work, to be nonlinear, with bond angles of 1610, 157', and 161', respectively. The estimated
uncertainty is 5*. For both iron and cobalt trichlorides, the measured stretching mode fre-
quencies were used to derive a Cl-M-Cl angle in excess of 1200, as would be expected for
planar molecules with somewhat anharmonic vibrations. Observed adsorption peaks could be as-
signed to the , 3(E) modes of planar (D~h) Fe and Co trichlorides and the corresponding modes
of the isotopomers. These observations strongly suggest that recent data supporting a pyra-
midal geometry for FeCl, should be reexamined. The geometry of CoCI3 has not previously been
determined.

Address of Green: Chemical Technology Division, Argonne National Laboratory, 9700 South
Cass Avenue, Argonne, Illinois. 60439
Address of McDermott: Depart .' of Chemistry, Lafayette College. Easton, Pennsylvania,
18042
Address of Bergman: Department of Chemistry, Brown University, Providence, Rhode Island,
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RH6. (3:10)

VIBRATIONAL SPECTRUM OF THE IJITROMETIYL FREE RADICAL TRAPPED IN SOLID ARGON

MARILYN E. JACOX

When F atoms produced in a microwave discharqe react with nitromethane in a stream of
argon carrier qas and the products are rapidly frozen at 14 K, prominent infrared absorptions
of the nitromethyl free radical (CH2 NIO2 ) hydroqen-bonded to HF appear in the solid deposit.
The application of extensive Isotopic substitution studies to obtain information on the struc-
ture and the vibrational assignment of nitromethyl will be discussed.

Address: Molecular Spectroscopy Division, National Bureau of Standards, Washington, D. C. 20234.

RH7. (3:27)

LIGHT-INDUCED PREPARATION AND ISOMERIZATION OF UNSTABLE SPECIES IN LOW-TEMPERATURE MATRICES

R.P. MUller and J.Robert Huber

Using the technique of matrix-isolation (in conjunction with IR spectroscopy) we pho-
tolytically prepared a) hydrogen-bonded complexes between nitroxyl (lIMO] and formaldehyde,
nitroxyl and methylenemethylamine [H3C-N=CH 2 ], b) the unstable trans-methylformate [HCOOCH 3 ]
from its parent cis-species and c) the previously unknown molecule nitroso-methanol

[H2C(OH)(NO)] in its cis and trans conformations. With selective excitation (green and red
light) the two conformers are reversibly interconvertable.

The selective, photolytic preparation of these compounds, the kinetics of this process,

and the vibrational analysis are discussed.

Address: Physikalisch-Chemisches Institut der Universitat ZUrich, Winterthurerstrasse 190,

CH-8057 ZUrich, Switzerland

R8. (3:44)

FLUORESCENCE STUDIES OF MATRIX ISOLATED TRANSITION METAL ATOMS COMPLEXED WITH SMALL UNSATURATED

MOLECULES

R. RUBINOVITZ AND E. R. NIXON

Experiments in which Fe or Co atoms are matrix isolated in argon or krypton previously

doped with small amounts of ethylene, acetylene and hexafluorobutyne show a number of fluores-

cence bands in the yellow-red region. A study of the laser excitation frequency of these

fluorescence features and our interpretation of their origins will be discussed.

Address of authors: Department of Chemistry and Laboratory for Research on the Structure of
Matter. University of Pennsylvania, Philadelphia, PA 19104
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RH9. (4:01)

MATRIX ISOLATION STUDIES OF NUCLEIC ACID CONSTITUENTS. I. INFRARED SPECTRA OF
URACIL MONOMERS

M. SZCZESNLAK, M. J. NOWAK, H. ROSTKOWSKA, K. SZCZEPANIAK, W. B. PERSON, and D. SHU(;AR

Results of infrared studies of uracil and its N1,N 3-dideuterated homologue
isolated in argon and nitrogen matrices are presented and discussed in terms of
normal modes predicted by quantum mechanical calculations. The effects on the

spectrum of N-deuteration and of the interaction between the isolated molecule
and the matrix are discussed. The quantum mechanical calculations are used to
make a reasonably reliable first assignment of absorption bands to all the normal
modes for the matrix-isolated uracil olecule. The wavenumbers and relative
intensities for the absorption bands for the isolated molecule are related to
those reported previously for uracil in the solid phase or in polar solution but

differ significantly from them.

Address of all authors except Person and Shugar:

Institute of Physics
Polish Academy of Sciences
Al. Lotnikow 32/46
02 668 Warsaw, Poland

Address of Person: Department of Chemistry, University of Florida, Gainesville, FL. 32611

Address of Shugar: Institute of Biochemistry and Biophysics, Polish Academy of Sciences,

ul. Rakowiecka 36, 02-532 Warsaw

RHIO. - (4:18)

THEORETICAL ANALYSIS OF INFRARED ABSORPTION LINESHAPES OF HCl ISOLATED IN AN

ARGON MATRIX, D.J. OIESTLER

A microscopic dynamical treatment of chemical systems comprising
both light particles that require a quantal description and heavy ones
that may be described adequately y classical mechanics is briefly
reviewed. A (partial) classical limit of Heisenberg's equations
yields a self-consistent set of "hemiquantal" equations (HQE) of
motion. The adiabatic limit of the HQE, in which energy is not
shared between high-frequency modes of the quantal subsystem and
relatively low-frequency modes of the classical subsystem, is

applied to a one-dimensional model for infrared absorption by
matrix-isolated impurities. The predictions of the model are
consistent with recent experimental measurements on the "Q"
feature of HCX isolated in Ar.

Address: Department of Chemistry, Purdue University, West Lafayette. Indiana 47907
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RHI1. (4:35)

MATRIX ISOLATION AND FTIR SPECTROSCOPIC STUDIES OF RuO, Ru( 2, HuOj and RuO 4

David W. Green, Jack G. K Gerald T. Reedy, and George L. 7immerman

We will report the results of matrix isolation and FTIR spectroscopic studies of

ruthenium oxides obtained by snuttering natural abundance ruthenium in a hollow cathode

discharge using different Ar1 02 : 0 mixtures for the flow gas. The method used has been
j 2 2

described by Green and Ervin' and references c ted therein. Products observed in the

argon matrix at 14K include Ru0, RuG 2 , RuO3 and, possibly, RuG 4 . Vibratinal frequencies,

force constants, and molecular symmies will( reported. Comparisons will be made with

published gas phase results for RuG'' and Ru 4 ' *

Calculations were made s in Ref. (i) for the various isotopimers using the PG matrix

method including vibrational anharmonicity in order t3 estimate stretching force constants.

Our interest in the lower ruthenium oxides arises from observations of Ru0 4 photochemical

decomposition using flash photilysis and kinetic absorption spectroscopy techniques.

This work was done at Drexel University, Bryn Mawr College, and Argonne National

Laboratory. JGK and GLZ are indebted to the rivision of Educational Programs, Argonne

National Laboratory, for financial assistance while at Argonne.

1. D. W. Green and K. M. Ervin, J. Mol. Spectrosc. 89, 145-158 (19e1).

2. R. Scullman and R. Thelin, J. Mol. Spectroac. 56, 64-'5 (1975).

3. 1. W. Levin and S. Abramowitz, J. Chem. Phys. O, 4860-4865 (196q).

Address of Green and Reedy: Chemical Technology Division. Argonne National Laboratory. 9700
South Cass Avenue, Argonne, Illinois 60A39.

Address of Key: Department of Chemistry, Drexel University, Philadelphia, Pa. 19104.

Address of Zimmerman: Department of Chemistry, Bryn Mawr College, Rryn Mawr, Pa. 19010.
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FAl. (8:30)

FITTING OF VIBRATION ROTATION SPECTRA OF H2 S AND HSe

WE. C. LANE AND T. H. EDWARDS

Statements made at session TE of last year's symposium led us to reanalyse

our data for v2 of H2 S and of H2 Se. For the ground state (with and without

microwave data) and for the upper state we will give our results for different

choices of: (a) Hamiltonian reduction, eg Watson's or Typke's (b)

representation, eg prolate or oblate, and (c) highest order terms pn included.

Address: Dept. of Physics and Astronomy, Michigan State University, East

Lansing, MI, 48824

FA2. (3:4;)

THE PURE ROTATION SPECTRUM OF HYDROGEN SULFIDE

C. CAY-PEYRET, J.-M. FLAUD AND J.W.C. JOHNS

-l
The pure rotation spectrum of hydrogen sulfide has been recorded between 50 and 300 cm on

a Fourier transform spectrometer with a resolution of 0.005 cm
- 

. This high resolution and a

good signal to noise ratio has allcwed a real improvement in the precision of the wavenumbers

of the rotational transitions of the three isotopic species H232 5, 2 335, and H2 34S observed

in natural abundance. Lints with J as high as 22 or Ka &a high as 15 have been observed for

the most abundant isotope. Then for each isotope, the far infrared rotational transitions

together with the available microwave data have been introduced in a least squares fit leading

to the determination of precise Watson's rotational constants. Finally using these constants

and a permanent dipole moment ° x - 0.974 D, the absorption of hydrogen sulfide in the far

infrared region of the spectrum has been computed.

Address of Camy-Peyret and Flaud : Laboratoire de Physique Mol~culaire et d'Optique
Atmosph~rique, CNRS , Bhtiment 221, Campus d'Orsay, 91405 Orsay Cedex, France.

Address of Johns : Herzberg Institute of Astrophysics, N.R.C., Ottawa, Ontario K IA OR6,
Canada.

FA3. (6:59)

HIGH RESOLUTION SPECTRUM OF THE FUNDAMENTAL V2 OF DNCO

D. A. STEINER, K. WISHAH, S. R. POLO, AND T. K. McCUBBIN, JR.

The infrared spectrum of DNCO has been observed between 2066 cm
"I 

and 2278 cm
-
I

under high resolution. The primary feature in this region is the transition from
the ground state to the fundamental vibrational level 2 -

A strong interaction is observed for the K-1 levels of V2. Some combination

bands are also observed in this region.

Address of Steiner and Polo: Department of Physics, 104 Davey Laboratory, The

Pennsylvania State University, University Park, PA 16802

Address of Wishah: Department of Physics, University of Jordan, Faculty of

Science, Amman, Jordan

Address of McCubbin: (on sabbatical) Laboratoire de Spectronomie Mol4culaire.

Universite Pierre et Marie Curie, 4 Place Jussieu, 75005 Paris, France
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FA4. (9.11)

ANALYSIS OF THE v2 , V 5 AND v3*.b BANDS OF CHF3 IN THE 8-9 MICRON REGION

G. GRANER and C. GUELACHVILI

The Fourier Transform infrared spectrum of CHF 3 has been obtained between 1000 and

2000 cm
-
1 with a resolution of 0.005 cm-

1
. In the region llO-1250 cm

t
, three bands are

to be considered, namely v2 at 1141 cm
-
, v at 1158 and '3 - v6 at 1208 cm

1
. The two

formr are interacting through an X-Y type oriolis resonance. The last one is affected

by a very strong Z(2,2) resonance, as it was the case in v6 . Moreover v5 and v3 - v, are

linked by a Fermi interaction. We shall explain how it was possible to assin transitions

among this extremely dense spectrum of about 6000 lines. Preliminary molecular constants

will also be given.

Address : Laboratoire d'Infrarouge. Universitj de Paris-Sud, Bitiment 350, 91405 Orsay

C-dex, France.

FA5. (9:28)

THE DIODE LASER HETERODYNE SPECTRUM OF CDF3

JOSEPH P. SATTLER, RICHARD P. LEAVITT, AND TERRANCE L. WORCHESKY

The IR spectrum of the v5 band of C)?3 has been obtained by using a diode laser heterodyne

spectrometer. Hundreds of lines in the neighborhood of the lOR(J) iO2 laser lines have been

measured to within 6 MHz accuracy. The interesting feature of K - 3 splitting is observable in

the PQ(J,3) branch. This IR heterodyne data complements the V5 rotational data of Ref. I and

the laser Stark data of Ref. 2.

IM. S. Tobin, R. P. Leavitt, T. W. Daley, and W. C. Trueheart, contributed paper, this

conference.

2E. Ibisch and U. Andresen, Z. Naturforch 35a, 1020-1029 (1981).

Address of Settler. Leavitt. and Worchesky: U. S. Army Electronics Research and Development

Command, Harry Diamond Laboratories, 2800 Powder Mll Road. Adelphi, MD 20783

FA6. : )

ANALYSIS OF THE V6 BAND OF CRD 2F

D. F. EGGERS AND J. W. C. JOHNS

A sample of CHD F has been synthesized, in isotopic purity above 95 S.
The four fundamenials -4 4 , , I and .- all occur in the general
region of CO laser lines. Optical pumpil g of thil substance results in FIR
laser actioA on a number of lines; some of the strongest ones are
associated with absorption of the CO2 pumping lines by the 1 band.

Assignments of the FIR emission lines will be discussed, along with

progress on the analysis2of the band. We show that one of the weak FIR
lines from pumping CD F is actually due to a small amount of CHD2F present
as an isotopic impurity. Further, some OODR signals from a sample of CD F
are also shown to be due to CHD2 F.

1. N. S. Tobin, private communication and to be published.
2. Tobin, Battler and Wood, Opt. Lett. 4, 384 (1979).
3. G. Duxbury and H. Kato, Chem. Phys. 66, 161 (1982).

Address of Eggers: Department of Chemistry, BG-10, University of
Washington, Seattle, WA, 98195.

Address of Johns: Herzberg Institute of Astrophysics, National
Research Council of Canada, Ottawa, Ontario, Canada, KlA OR6.
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FA7.

ANAoYil OF jALL.-D, BAND; IN TH- 4.2 - 5.3 RE INRW

J, PL , K. RU6ANI, AND S. R. POLO

The spectrmi of allene-d4 between 1880 and 239u c-' was measured on a Bow:er high

resolution Fourier traisform spectrometer and deconvolved to a linewidth of 0.0o25-O.Uv2E cmI

The main bands in this region include the C=C stretching fundamental v6 (species B2) and

the two C-D stretching fundamentals v, (Ba) and w (E), acco.panied by the vw ., (B,) combination

band enhanced by Fermi resonance with v.4 All the bands exhibit sev.ro perturbations by

nurerous combination and overtone levels. The interacting states deemed responsible for thc

stronger perturbations were incorporated in the Hanitonian and a rovibratioal analysis of

the observed spectrur was carried out with the aid of our corputer progran syster S COP.

A much improved set of spectroscopic constants will be reported for the upper states or the

fundamental bands and for sore of the perturbing states. An accurate set of ground state

constants will also be given.

Address of PF1rs and Polo: Department of Physics, The Pennsylvania State University,

University Park, Pennsylvania 16802.

Address of Rousan: Physics Department, armouk University, iruid, Jordan.

FA8. (10:27)

INTENSITY AND BROADENING STUDIES OF PROPANE, ACETYLENE, METHYL CHLOIr2i AND EIDWE IN THE 12-14u.

REGION

W. E. BLASS, J. K. LAWSON. G. W. HALSEY AND M. A. DAKHIL

Tunable diode laser measurements of line strengths and pressure broadening coefficients
(self and foreign gas) are being carried out on propane, acetylene, methyl chloride and propane.
Current results will be presented.

Address of Blass, Lawson. Halsey and Dakhil: Molecular Spectroscopy Laboratory, Department of
Physics and Astronomy, The University of Tennessee, Knoxville, TN 37996-1200.

FA9.
(10:3t)

DETAILED ANALYSIS OF THE Sum ABSORPTION REGION OF 
13
CD3 F

G. W. HALSEY, J. A. OAKHIL AND W. E. BLASS

The 5wm region of the absorption spectrum of 
13
CD3F has been interpreted and analyzed in

detail. The principle observed bands are v 4 , 2V2, 2vS(ZO) and v with v2 + *V v 2 + v3'

03 
+ 

vs. 2v5(t - t2) interactions. A detailed discussion of the distribution of vI band

intensity due to various local and global interactions will be presented.

Address of Halsey. Dakhil and Blass: Molecular Spectroscopy Laboratory, Department of Physics
ad Astronomy,Te Unversity of Tennessee, Knoxville, Th 37996-1200.

al
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FAIO. (1u:)t

ANALYSIS OF 2,2 BAND OF 
12
CD3F

M. A. DAKHIL, G. W. HALSEY. AND W. E. BLASS

In the process of studying the 5-micron spectrum of 
12

CD 3 F, the bnd has been

assigned for the first time. More than 350 transitions have been assigned. This band interacts

with v4 through a Coriolis interaction which causes crossings in the k - 5 to k a 8 sub-bands.

Interpretation and analysis will be discussed.

Address of Dakhll, Halsey and Blass; Molecular Spectroscopy Laboratory. Department of Physics
and Astronomy, The University of Tennessee, Knoxville, TN 37996-1200.

FAIl. (11:08)

THE HIGH RESOLUTION SPECTROSCOPY OF CYCLOPROPANE v9 + v 1 COMBINATION BAND
PERTURBED BY FERMI AND CORIOLIS RESONANCES

ZHU QINGSHI, SHEN ZHIYE, SHEN HUIHUA, LIU HUIFANG. ZRANG BAOSHU, HUANG RUNLAN,
and ZHANG CUNHAO
The combination band v +v of cyclopropane was found, the band center is
2464.52 cm , it's FTIR anodiode laser spectroscopy studies are reported here.
The transitions are assigned and least square fitted to estimate the molecular
constants. The anomalies observed in the rotational structure of v + v band
are attributed to the Fermi and Coriolis interactions between I+ o J9
v,,+v 1ln vd + v , and the 2-type resonances. The J-structures of Q.J)'a in
the diode lAser 2pectrum display very clearly a variation of (B'-B ) as a
function of K which provides a good example for the study on this ?ype of
effect of Fermi resonance.

Address of Zhu Qingshi: Salt Lake Institute of Chinese Academy of Sciences,
Sining, Qinghai, People's Republic of China.

Address of other authors: Dalian Institute of Chemical Physics, Dalian,
People's Republic of China.

FA12. (11.25)

VISIBLE AND NEAR INFRARXD SPECTRN OF CYCLOPROPANEC

S. L. BRAGG

The spectrum of gaseous cyclopropane. C3H6 , has been observed between 10,000 and
16,000 cm

- 
with a high resolution Fourier Transform Spectrometer at a pressure of 13.3 kra

(100 Torr). The 4-0 and 5-0 vibrational overtone bands of the C-l stretch have been observed
using a local mode model

1 
to assign the spectrum, and absolute absorption cross sections have

been measured. The 4-0 band has not previously been observed.

The 5-0 band has recently been used as the standard for photoacoustic cell calibration.
2

The maximum absorption cross section for this band, at 14055.1 cm
-I 

is - 5.2 x 10
-24 

cm
2
.

This band is ideally suited for photoacoustic cell calibration because it is broad and contains
no rotational line structure. It is easily accessible with a dye laser, and variations in
the laser frequency and bandwidth will be unimportant in the calibration. In addition, the
fast vibration-translation relaxation rates guarantee complete thermalization of the absorbed
energy.

*This work was supported in part by AFWL Contract F29601-82-C-0019 and supported in
part under the McDonnell Douglas Independent Research and Development Program.

1. R. G. Bray, SPIE Vol. 286, Laser Spectroscopy for Sensitive Detection, pp 9-17 (1981).
2. S. A. Lawton, S. L. Bragg and C. E. Wisvall. "Absorption Spectra of Atmospheric Gases

Near the 1.315 pm Iodine-Atom Laser Line", Proceedings of the Lasers '82 Symposium
(in press).

SNf
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FAI3. (11:37)

FIRST OdSERVATION OF 
1
"C.n. AND 

1
?C 'Ch, hOT 6ANDS TN ThE 10 vm REGION

L. hENRY, A. VALENTIN, M. DE VLEESChOUWER, Ch. LAMdEAU and A. FAYT

Fourier Transform spectra of heated (230°C) 
2
C2i., and 1

2
CIiCH., ethylenes

,tave been recorueu from 840 to 1040 cm" using the F.T. Spectrometer of the
Laboratoire de Spectronomie Muleculaire with an apparatus function of 4xO"cm

1

(F.u..H.M.) and an absolute precision of 2xlO cm .

Tie quality of the spectra yields to the first observation of the three
most intense hot bands of both isotopes. These hot bands, v7+v1 0-v1 0 , V7Tv -v 8
and 2 7 -c7, are involved in the optical pumping processes of ethylene with CO2
and N-0 lasers.

Furthermore, for "'C2tt., the analysis of the v7
5
v8 band on the basis of

F.T. Spectra:: combinateu with the observation of the v?+v8-va band leads to
the full determination and the analysis of toe isolated Raman active v8 level
with an accuracy better than 0.001 cm -1 The study of v vl0 ann 207 is
much more complicated because tley are strongly couplet with at least five

other levels. The analysis model will be discussed.

Ch. LA IaEAU, 11-. DE VLEESCHOLMER, A. FAYT and G. GUELACKVILI to be

published.

Address of L. HENRY and A. VALENTIN: Laboratoire de Spectronomie MolIculaire,
Universite Pierre et Marie Curie, F-75230 PARIS, Cedex 05, FRANCE.
Address of M. DE VLEESCHOUM!R, Ch. LAN8EAU and A. FAYT: Department of
Molecular Spectroscopy, University of Louvain, Chemin du Cyclotron, 2,
B-1348 LOUVAIN-LA-NEUVE, BELGIUM.

FAI4. (11:5)

HIGH VIBRATIONAL OVERTONES IN SiHCl 3 AND SilK2 Cl 2

R. A. BERNHEIN, F. W. LAIPE, J. F. O'KEEFE. AND J. R. QUALEY. III

Absorption spectra in the 12 000 cm-1 to 18 000 cm
- 1 

range have been recorded for gaseous
SIHCI 3 and StH2CI 2 using Intracavity photoacoustlc detection and CW dye lasers. The observed
transitions correspond to the Av = 6,7,8 and 9 overtones of the Si-H stretch and are adequately
interpreted in terms of a local mode description of the vibration. Anharmonlc constants of
35.0 cm-

1 
for SIRCI3 and 34.4 cm-I for SIH 2CI2 are found from a Blrg-Sponer plot of the higher

overtones. The band shape structures are consistent with parallel bands for SiHCI3 and a
B/C hybrid for SiLH 2 Cl 2 .

Address: Department of Chemistry, The Pennsylvania State University, University Park,
Pennsylvania, 16802.
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FA15. (12:06)

MOLECULAR CONSTANTS OF SEVERAL LEVELS OF ISOTOPIC CARBON DISULFIDE FROM IR
SPECTRA

ROMOLA D'CUNHA. JON MANHEIM, K. NARAHARI RAO, and C. J. SELISKAR

The Fourier Transform spectra of isotopically enriched carbon disulfide
have been oblained with a resolution of 0.01 cm

- 
at the Kitt Peak National

Observatory. The (v I + v ) combination bands in the region 2100-2250 cm
- I

of several isotopic speciel particularly 12C32S34S. 1
2
C32533S, 1

2
C
32
S2 and1

3
C
3 2

S have been reinvestigated. Due to the better resolution in the pre-

sent siudies. closely spaced lines could be resolved, leading to better
dejeruined molecular constants. Two new band systems 0201- 0000 and
03 1 1 01 0 of 

12
C
32
S34S have also been identified and analyzed. The i-type

doubling in the 11-n band was found to be resolved for lines with J > 13, and
the Z-type doubling constants for the 0110 and 0311 states of 

12
C
3 2

S
34

S have
been obtained.

We are grateful to J. W. Brault and R. Hubbard who enabled us to obtain the
spectra.

Address of D'Cunha, Nanheim, and Rao, Department of Physics, The Ohio State
University, Columbus, Ohio, 43210.

Address of Seliskar, Department of Chemistry, University of Cincinnati,
Cincinnati, Ohio, 45221.

Permanent address of Nanheim, Wright Patterson Air Force Base, Ohio, 45433.

Permanent address of D'Ctmha, Spectroscopy Division, Bhabha Atomic Research

Centre, Trombay, Bombay 400 085, India.

FA16. (12:11)

OBSERVATION AND ANALYSIS OF THE FUNDAMENTAL BENDING MODE OF T20

H. A. FRY, L. H. JONES, and J. E. BAREFIELD

The absorption spectrum of T 20 h.. been observed at 0.04 cm
-1 

resolution

using a Fourier transform infrared spectrometer. 549 transitions in the V2

band centered at 995.326 have been assigned. 474 of these transitions were

included in a fit in which the excited vibrational state constants were

allowed to vary and the ground state constants hold fixed at values determined

from microwave data. A Watson Hamiltonian with an AS reduction in a 3R

representation was used for analysis. The terms retained in the rotational

HIamiltonian for the ground state included up to tenth order distortion

constants while the Hamiltonian of the excited vibrational included only

-1
terms up to eighth order. The standard deviation of the fit was 0.00 cm .

Address: Los Alamos National Laboratory, Los Alamos, New Mexico, 87545.

V#
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FBI.
(8: O)

"BsT" SiE(TROSCOIC CONSTANTS FOR HgBr FROM DIRECT FITS OF MULTIPLE BAND SYSTEMS TO
1I1I.INOI1AIM.5 AND NEAR-DISSUCIATION EXPANSIONS

J. ;AIl . ,IRF" AND J0EL TELL INGHUISEN

The B-X (4200-5100 A). C-X (2700-2950 ;). and D-X (2480-2700 A) traBsitions of HgBr have
Iepn photographed and analyzed for Isotopically pure 

2 0 0
Hg

7 9
Br ad 200tMgg8 r. The analyses

yield improved vibrational constants for all four states and rotational constants for the B
and X states. Optimal spectroscopic parameters are obtained for all four states from direct.
simultaneous fits of all three transitions to the standard polynomials In (v+1/2) ad to

near-di, iati,n expansions.1
2

In addition t,, the above-mentioned systeas, we have recorded and analyzed by computer
simulati, the B-A transition (5500-8000 A). Efforts are currently underway to (1) measure
,olli.ional line broadening in the B-X system using a Fabry-Perot interferometer. and (2)

determine the R-dependence of the B-X transition strength function from analysis of relative
intensity data.

Work supported by the Office of Naval Research.
.,R. J. i.e Roy and W-H l.am. Chen. Phys. Lett. Z1. 544 (1980).

J. Tellinghulsen. J. Chem. Phys. (in press).

Address oL Authors: Department of Chemistry, Vanderbilt University.
Nashville. TN 37236.

FB2.
(8:47)

INTERFACING A MICRODENSITOMETER TO A MICROCOMPUTER*

...-CARLSL SALTER AND JOEL TELLINGHUZSEN

In methods of photographic spectroscopy there is , need for precision measurement of a
large amount of experimental data -- the positions and intensities of rotational limes,
vibrational band heads, and calibration lines on the photographic plate. Microdensitometer
and optical comparators permit one to measure the positions of sharp features with a
precision of 1-2 pa: however, the procedure of measuring, recording, and logging the data for
further computer processing can be very tedious and time consuming. if done manually. To
expedite this aspect of our work, we have designed and built a cheap (-$2500. microcomputer
included) control interface, by means of which a TRS-80 Model III microcomputer controls the
motion of the plate on a microdensitometer and logs the optical density in digital form. In
this paper we discuss various aspects of the interfacing task. Including hardware and
software for stepping motor control, analog-to-dlgital conversion, ad extraction of line
positions from the recorded data.

* Work supported by the Office of Naval Research.

A s Authors: Department of Chemistry. Vanderbilt University.
Nashville. TN 37236.
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FB3. (9:04)

REFLECTION AND INTERFERENCE STRUCTURE IN DIATOMIC FRANCK-CONDON DISTRIBUTIONS

JOEL TELLINGHUISEN

Loosely speaking, the Franck-Condon distributions for diatomic radiative transitions
from a single vibrational level of a given electronic state to all possible levels (bound and
free) of a second electronic state exhibit either "reflection" or interference, structure.
In reflection structure there is a one-to-one mapping of peaks in the initial state
probability distribution into peaks in the spectrum. No such simple relationship is known

for interference structure (originally called "internal diffraction" by Condon
1
). It can be

shown that the condition for reflection structure is a monotonic difference potential io the
range of internuclear distance R sampled by the initial wavefunction. whereas interference

structure occurs when the initial wavefunction samples extrema in the difference potential.
2

These conditions are discussed with application to a number of diatoml transitions.

I Work supported by the Air Force Office of Scientific Research.
1E. U. Condon, Phys. Rev. 2. 858 (1928).
2J. Tellinghulsen. et al.. Chem. Phys. 0. 31 (1980).

Address QL Author: Department of Chemistry, Vanderbilt Univesity.
Nashville. TN 37236.

FB4. (9:21)

THE 2880-A EMISSION SPECTRUM OF 12: ION-PAIR STATES NEAR 47.000 Ci
-
1

K. S. VISWANATHAN AND JOEL TELLINGHUISEN

In the emission spectrum of 12 in Ar, the second most intense band is a narrow peak near
2880 A accompanied by several progressively weaker shoulders and peaks extending to 2830 1. 1

At low resolution this2system strongly resembles the bound-free B-X and D'X emission bands of
the rare gas halides. Under high resolution and with the use of a "cool" discharge, this
system displays fine violet-degraded band structure. The analysis of the vibrational
structure indicates that the transition originates from an ion-pair excited state and
terminates on a weakly bound lower state which dissociates to two ground-state atoms. By a
process of elimination we arrive at the probable designation. 0(P) - 24310

p O 23es
According to this interpretation the upper state is the fourth of six predicted ion-pair

states near 47.000 cm
1  

to be identified experimentally, and the lower state is the last case

c component of the lowest 31 state to be observed.

0o
1 lrk supported by the Air Force Office of Scientific Research.
2A. L. Guy. et al.. Chem. Phys. Lett. 73. 582 (1980).J. Tellinghuisen. et al.. J. Chem. Phys. 65. 4473 (1976).

Ars Autr: Department of Chemistry, Vanderbilt University.
Nashville, TN 37235.
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1. Prank E. Grubbs, "Procedures for Detecting Sutlying Observations in
Samples", Technometrics 11, I (1969)

Address: Chemistry Departsent, Drexel UnJiversity, Philadelphia, Pa. 19104

PB6. (10:05)

VARIATION OF THE ELECTRONIC TRANSITION MOMENT IN THE A 
2
n - X 

2
H SYSTEM OF CLO

S. A. BARTON, J. A. COXON AND U. K. ROYCHOWDHURY

The v" = 0 progression of the A 2n - X 2a system of CIO has been recorded

photoelectrically in the first order of 2400 grooves/mm grating using a 1.26m
spectrometer. ClO was generated in a 4ast flow system at near room temperature
and 1.5 mm Hg total pressure. Continuur, radiation from a Xe arc source was
passed back and forth along a Im flow tube by means of an external arrangement
of concave mirrors.

The line positions for each of the recorded bands (3!v'-52) were computed from
the available constants for the X- and A-states

l
. Absorption cross section

profiles for individual bands were then generated from the known Franck-Condon
factors2 and trial values of temperature, llnewidth and band strength.
Synthetic absorption profiles for the recorded bands were then obtained
readily by convolution with the known triangular slit function. A non-linear
least squares routine was applied iteratively to obtain improved estimates of
the temperature, linewidth and band strength as well as two additional
parameters which served to calibrate the spectra against the known CIO (A - X)
wave numbers. The matching of the experimental data and the synthetic
absorption profiles is excellent for all bands. A smooth variation of the
electronic transition moment with upper state vibrational quantum number
has been established. The llnewidths are about twice those estimated
approximately from photographic plates by Coxon and Ramsay

3
.

The parameters obtained in the present work could be used to generate reliable
synthetic absorption spectra for the longer wavelength v" - 0 bands under
stratospheric conditions. Comparison with experimental data might then
provide a means for continuous measurement of absolute ClO concentrations in the
stratosphere.

1
j. A. Coxon, W. E. Jones and E. G. Skolnik, Can. J. Phys. 54, 1043 (1976).
2
j. A. Coxon, J. Photochem. 6, 439 (1976/77).3
J. A. Coxon and D. A. Ramsay, Can. J. Phys. 54, 1034 (1976).

Address: Department of Chemistry, Dalhousle University, Halifax, Nova Scotia
I-W Y, Canada.
Present Address of Barton: ORE Valcartler, PO Box 810, Courcelette,
Quebec GOA IRO, Canada.
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FB7. (10:22)

ROTATIONAL ANALYSIS OF THE A 
2
H - X 2n SYSTEM OF THE SULPHUP MONOXIDE CATION

J. A. COXON AND S. C. FOSTER

The visible A , X emission system of SO
+ 
is excited by the reaction of He

+

ions with S02 in a fast flow system. Several bands of the v' 
= 
0 and v' = 1

progressions have been recorded photoelectrically using a 1.26 m spectrometer
operated under computer control. The bands are free of any ,verlapping
structure from other emitters, and the rotational structure is well resolved.

Direct least-squares reduction of the measured wavenumbers using merging
techniques

1 ,2 
leads to well determined estimates of the rotational and spin

orbit coupling constants in both states, which complement those from the
photographic study of Cossart et aW

2
.

ID. L. Albritton, A. L. Schmeltekopf and R. N. Zare, J. Mol. Spectrosc. 67,

132 (1977).
2
J. A. Coxon, J. Mol. Spectrosc. 72, 252 (1978).
3D. Cossart, H. Lavendy and J. M. Robbe, to be published.

Address: Department of Chemistry, Dalhousie University, Halifax
Nova-Scotia B3H 4J3, Canada
Present Address of Foster: Herzberg Institute of Astrophysics, National
Research Council of Canada, Ottawa, Ontario KIA OR6, Canada.

FEB. (10:39)

ROTATIONAL ANALYSIS OF THE B 2r+ . X 2Z* SYSTEM OF ALO

J. A. COXON and S. NAXAKIS

The B 21+ X 2r
+ 

"blue-green" band system of AID was excited in a microwave
discharge through a flow of aluminum chloride and trace quantities of
oxygen.
Twenty-five bands with 0 s v' 5 9 and 0 5 v" ! 7 have been photographed
at high resolution and rotationally assigned. Band origins, effective
rotational parameters (B,D), and spin-rotation coupling constants (y) of
the model Hamiltonian used to describe individual vibrational levels of
both states, are determined by linear least-squares fitting of the data of
each band. Multiple estimates of the parameters are merged to obtain the best
single-valued estimates of the same parameters, as well as Dunham coefficients
describing their vibrational dependence. The vibrational dependence of y' for
the B-state is linear in v'; for the ground state, no significant dependence
of y" could be established.

Address: Department of Chemistry, Dalhousie University, Halifax,
Nova Scotia B3H 4J3, Canada.

FB9. (10:57)

POPULATION ANOMALIES IN AN Mg + N20 FLAME

P.C.F. IP, JEFFREY A. GRAY, K. CROSS, AND R.W. FIELD

Intensity anomalies were observed from the spectroscopic analysis of the NgO I+ - a 3ni
system..Information on population was obtained using linestrength factors calculated from the
XIF+ - a3fl - A'a deperturbation. The population ratios of a3ii to A11 md of a31 e- to
f-parity were found to be more than a factor of two greater than those expected from a
Boltzmnn distribution.

Address of Ip, Gra,, and Field: Department of Chemistry, Massachusetts Institute of
ehnology, tabrdge, Massachusetts 02139.

Address of Cross: 32 Chadwick St., Hilton Park, WESTERN AUSTRALIA 6163.



160

FBIO. II:06)

THE CaO c z:z - a
3
.ii SYSTEM

J.B_. NORM4AN, K.J. CROSS, H.S. SCHWEDA, R.F. BARROW, R.W. FIELD

A portion of the CaO "Second Orange Arc Band System" (617-627nm) has been assigned as the 0,0
band of the c32+-a:ii transition. C

3
):+ is derived from a m3n' configuration and is

isoconfigurational with the recently observed D,d
l,3 

state.'

Sub-Doppler spectroscopy is required to resolve the dense rotational structure.
Intermodulation spectroscopy has been employed.

The band system has been observed in a Ca + 03 flame. It originates in the same lower
electronic and vibrational states as another prominent CaO band system recently observed in a
Ca + N20 + CO flame. However, no part of the "Second Orange Arc Band System" has been
observed following the latter reaction.

This investigation has yielded 8O(c
3
z+) z 0.350 car and R02 3 () = 16165.7 cm

-1
. The

latter value compares favorably with that predicted by Bauschlicher and Yarkony (16500 co-1)
2

for the location of c'y
+ 

relative to a3n.

R.F. Harks, H.S. Schweda, R.A. Gottscho, and R.W. Field, J. Chem. Phys. 76, 4689 (1982).

2 C.W. Bauschlicher, Jr. and D.R. Yarkony, J. Chem. Phys. 68, 3990 (1978).

Address of Norman: Department of Physics, Massachusetts Institute of Technology, Cambridge,
9assacustts_U139.
Address of Cross: 32 ChadwiCk St., Hilton Park, WESTERN AUSTRALIA 6163.
X(Fre!s-_s 0- o da: Fakultat fur Physik Universitat Bielefeld, Postfach 8640, 4800 Biele-
feld 1, WEST-(GERMAq)NY.

Address of Barrow: Physical Chemistry Laboratory, Oxford University. South Parks Road,
Oxfolrd,ELAN-Xl 3QZ.
Address of Field: Department of Chemistry, Massachusetts Institute of Technology, Cambridge,
W- set-ts--02139.

FBI'. (I:25)

CW ton Laser Fxcitation of OF and NH in an Atmospheric Pressure Flame

J.A. VANDERHOFF, ..J. KO'"IARv, and W.P. ANDERSON

Intense laser fluorescences of the important NH and 00 radicals in a
flame have been observed upon excitation by the 3507A line of a krypton ion

laser. The experimental apparatus was very similar to that described in
detail previously

1 
for use in laser Raman and fluorescence flame

investiqations. Briefly, a lean CH4 /N20/N 2 flame (-2500K flame temperature)
was placed inside the extended cavity of a 3 W (all lines) krypton laser with

prism tuned line selection. Fluorescence excited by the laser was detected by
a 25 cm monochromator equipped with a silicon intensified vidicon tube. When
the laser was tuned to 35071A, intense fluorescences of NH and ON above the

flame emission were observed. A simple differencinq technique allowed for
removal of the flame emission from the fluorescence spectra. 'Me fluorescence
spectra, combined with detailed calculation of line positions, lead to the
followinq tentative assiqnments of pumpinq transitions:

NH, A-X (0,0) 0P2 3 21,

OH, A-X (0,1) Q1 19.

However, some ambiquity still exists concerninq these assiqnments. The
observed spectra and assiqnments will be discussed.

1
W.R. Anderson, J.A. Vanderhoff, A.J. Kotlar, M.A. Devilde, and R.A. Beyer,

J. Chem. Phys., 77, 1677 (1982).

Address: Ballistic Research Laboratory, DRDAR-BLI, Aberdeen Proving Ground.

Maryland, 21078.
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FB12. (11 :37)

SPECTROSCOPY OF THE He*(2 3S)-C2H2 FLAME

D.H. WINICUR, J.H. HARDWICK, S.N. MURPHY

A detailed study has been made of the spectroscopy of the products of the

electronically-excited, metastable He*(2 3S) + C2H2 reaction. A D.C.-discharge

diffusion flame technique is used, which affords a highly selective method for

producing and studying the fluorescence of gas-phase radicals.

The products observed are C2 *, CH*, H*, and C*. The reaction, He* +

C 2H - C 2* + H + He, produces an extremely bright source of C2 fluorescence

over the entire optical range and many Swan (d
3
g - a3 u) and Fox-Herzberg

(e
3
1g - a

3
1lu) bands have been observed for the first time. Several bands

of the C2 Fox-Herzberg system in the near ultraviolet have been recorded at

higher resolution than has previously been reported. These bands have been

analyzed in an attempt to extract spin-orbit coupling constants for the ex-

cited state. Concurrently, bands o? the Swan system have been rephotographed

in order to confirm and improve ground-state combination differences.

Address of Winicur. Hardwick and Murphy: Department of Chemistry and Radiation

Laboratory, University of Notre Dame, Notre Dame, IN 46556.

F1.13. (11:54)

High Resolution Laser Spectrum of the Second Positive Band

System of N2 Under Electron Beam Excitation

PUTCHA VENKATESWARLU and S. K. BASU

The high resolution spectrum of the second positive band system of N2

has been recently reinvestigated by VenkateSwarlu, lurthy and Basu using a

transversely excited segmented electrode nitrogen laser tube just below

and just above laser threshold. In the present work, nitrogen at a pressure

of 3 torr was excited by a Febetron 706 electron beam (400 KeV) generator

using 3 ns pulses. Spectra were taken using a vacuum Ebert spectrograph

in the 17th and 18th orders at dispersion of about O.IA/vmm. The rotational

structure of the 0-0, 0-1 and 1-0 laser bands has been studied. More R

branch lines are found to lase than those recorded earlier. Mixtures of

N2 and He at relative pressures of 3-10 torr of N2 and 10 to 20 torr of He

have been excited with the electron beam to study selective excitations in

the rotational spectrum. It was found that the rotational line Q3 (2)

lases at the expense of the line R3 (4). The energy separation between the low-

er levels J - 4 and J = 2 of these lines is about 25 cm
°1 

which corresponds

to the separation between 13s 
1
S and 3S of He suggesting an energy transfer

between He and N 2 to be responsible for the Selective excitation of the Q3 (2)

over R3 (4).

1. P. Venkateswarlu, A. N. Murthy and S. K. Basu, Ind. J. Phys., 5, 388 (198D)

Address: Department of Physics, Alabama Agricultural and

Mechanical University, Normal, AL. 35762,
Herzberg Institute of Astro Physics, National Research Council

of Canada, Ottawa, Canada KIA OR6

and

Department of Physics, Indian Institute of Technology
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FC1 '6:30)

STRUICTURE OP LiNC

8 MOLECULAR BEAME ELECTRIC RESO%A%CE SPECTROSCOPY

JJ. van Vials. W. Leo Meeits, and A Dymanus

The rotational spectrum of L.i\C has been measo, ed for the first time We succeeded in

producing a supersonic molecular beam (]':, LiNC in Arl. The LiNC molecule has been

produced in two totally different chemical reactions, Two rotational transitions in the

ground vibrational state at 26.6 and 53.2 GHz were observed, being J = 1 - 0 and

J=2 - 1 The hyperfine structure was resolved and identified using microwave double

resonance. The results for the rotational constants are B. 13293,293(3) MHz, D.=

32.5(4) kHz; the quadrupole coupling constants are eqQ(Li) =11366(30) MHz,

eqO(N) =2.94400() MHz. The J = I 0 ( rotational transition of 'LiNC at 29.2 GHz was

observed in natural abundance, yielding Be 14591 504(20) MHz.

From this we can conclude that LiNC has a linear isocyanide structure. In earlier

work we observed the rotational spectrum of KCN and NaCN and we found surprisingly

a T-shaped structure for both molecules.

The results for ne effective structuial parameters are: r LiN 1.760 A, and

rNC 1. 168 A. We did not observe transitions of escited vibrational states or LiCN

(abundance in the beam ! 3%) . This leads to an estimated isomerization energy 2:

120 cm- '. The agreement between our experim~ental results and recent ab initio calcu-

lations is good.

Adn'res of the authors: Afd Atoom- en Niolekuvlfysica.

K(atholielse ljnisersiteft Ntqmegen.

Toernooiveld,

6525 ED Nijmegen,

The Netherlands.

FC2. (3:47)

ROTATlONAL-VIRATIO4AL STATE DEPUENCE OF NUCLEAR euADwurJoI. INTrMONS
IN DIAItEIC NOLECULES. UAVuLR AND DAVID MlIT

i3 the contest Of the BotflOppesibeinitr approzistatiou. one should

uPeot th" electric field gradient at a nuclear sits to depend on the later-
oclea distance. Expading this function about the equilibrina distance
and averaging over rotation-vibrstiou would thou give

qfv.1) - q + qlt + +

wher ~ (rr li . e hve evaluated the averages after the lisener
of Duallame' argy"expasoa. and finad

where, to second order Is 3 /ti.

Z (-58 3I/4 + 23aa 2 /4 - 21a 3 2(3*I )2a4(IS
00 1 10 12 i ale

2 1 2 (,%
2 -50 + 19 12- 511 1//u / Z0

Z2 (S 2 / a2 /4(ow2 3 22S/
Z (-6m +Is l~ 1)(5 Z (-7a 14)(1111
20 2 1

00 1

Z34 56( 242

Z 4 6 1).2
20 a.

This Prediction is testied agaist illariveastal data for CI sad ZCI.

This work is supp1orteid is Part bY a Northwest Aso, Iouasdatiou Grant of beses
Corporation.

Address: St. Olaf Celleget Northfield. N $557
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FC3. (8:59)

NTPNPINE SPSCTrR OF KCL AS OBSERVID BY NOLECULAR BAN ELECTRIC
RESONANC SPCRcllsCOP!. A D , CERDU 11, MTN DI2LER,
ARUER K01, AND STANLEY TRAD

We have observed weak-field hyporfin. transitions in KCI
for vibrational-rotational states (v.0) - (0, 2-9) and (1. 2-4)
using a high resolution molecular beam spectrometer. Linowidths of
the observed transitions are 200 Es (FUNK). Analysis of the
(v.1) - (0.2) date yields the following set of hyperfine interaction
constants for the 86KR C1 isotope (in uits of khs):

(eqQ)K . -664.74 (S)

(#qQ)C1- .56.2 (5)

"R - 0.035 (10)

"CI - 0.46 (1)

4T - 0.07 (2)

d S  - -0.01 (2)

The quadrupole constants lie outside the experimental ancertaisnties
of previously-reported measurements made at lower resolution and
high field on the Y - I state.* Analysis of the higher rotational
and vibrational states is in progress.

12. van Waee and A. Dymnass. Y. Ches. Phys. If, 3749 (1967).

This work is supported in part by a Northwest Area Foundation Grant
of Researck Corporation.

Address: St. Olaf College, Northfield. NN 55057

FC4. L :L)

VIBRATIONAL RELAXATION OF LINEAR MOLECULES IN SUPERSONIC EXPANSIONS

R. L. DeLVON AND J. S. MUENTER

The question of vibrational cooling in a supersonic nozzle expansion has been investi-
gated for the case of a 25 micron diameter nozzle using Ar as the carrier gas. The relative
populations of thermally excited vibrational states were estimated from the intensities of
radio frequency transitions in OCS, NCN, and cyanoacetylens. Using molecular bean source
temperatures ranging from 300 to 825* K, 12 states having from 200 to 2100 cm

-1 
vibrational

excitation have been studied. Typical expansion conditions were 10% linear molecule in 90% Ar
at 2 atmospheres pressure and a source temperature just high enough for adequate sensitivity.
Comparison of ground state with excited state radio frequency transition intensities permitted
and excited vibrational state temperature to be measured to an accuracy of better than 1 20%.
To compare the results for different experiments the vibrational temperature was divided by the
source stagnation temperature and these reduced temperatures ranged from .3 to 1. The reduced
rotational temperature was estimated to be .05. These data were fit to 1-exp(-w/C) giving
C - 32550 car . Thus, vibrations with energy greater than 325 ca-1 are essentially uncooled
while substantial cooling occurs for w < 325 cm

" 1
.

Address of Deleon and Nuentert Department of Chemistry, University of Rochester,
Rochester KY 14627
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FC5. (9:28)

MBER SPECTROSCOPY OF IR LASER EXCITED VIBRATIONAL STATES

WILLIAM ESENSTEIN AND J. S. MUENTER

Conventional molecular beam electric resonance spectroscopy has been carried out on
molecules which have been excited with a color center laser. Initial experiments were done on
the C-H stretch of HCN at 3300 cm-

1
. A Burleigh FCL-20 laser e.cited the molecular beam

either following the A field or immediately after the beam source. Approximately 10% of the

available molecules were excited on a single pass. The laser was used without stabilization
and radio frequency transitions were obtained in the excited state by scanning the RF frequency

more rapidly than the laser drifted. signal averaging was used to accumulate the rapid scans

and sensitivity of excited state measurements were within a factor of ten of ground state

sensitivity. Line shape for the excited state measurements were identical to ground state

results. For HCN v/ujgs = 1.0108 and eqQv/eqQgs = .9901.

Address of Ebenstein and Muenter: Department of Chemistry, University of Rochester,
Rochester NY 14627

FC6. (9:40)

DIPOLE MOMENTS OF EXCITED VIBRATIONAL STATES OF HCN

R. L. DeLEON AND J. S. MUENTER

Several techniques have been used to measure the dipole moments of 6 vibrational states
of HCN. Conventional molecular beam electric resonance spectroscopy can readily observe the
ground state and the 010 and 020 excited bending modes. A high temperature supersonic nozzle
beam source was used to make MEER measurements on the 001 state, the C-N stretch. nfrard
laser excitation of the molecular beam gave access to the 100 state (C-H stretch). The same
laser was used in a gas phase SF-IR double resonance experiment to study the 110 state. These
data will be discussed in terms of the dipole moment function of HCN.

Address of DeLeon and Muenter: Department of Chemistry, University of Rochester

Rochester NY 14627

FC7.

ROTATIONqAL SPECTRA AD STRUCTURES OF H20-CO2' HDO-CO2 AND D 2 0-CO2

K.I.PETERSON, T.A.FISHER, AND W.KLEMPXRER

Water-carbon dioxide complexes are formed in a supersonic expansion
and their rotational spectra are measured between 0.5 Nfs and 18 GUZ
using a molecular beam electric resonance spectrometer. Rotational
constants are obtained from the data along with other structural
information. The geometry is T-shaped and planar (C symmtry) with
the oxygen in the water bound to the carbon and the 4ydrogens directedaway from the CO2 . Other parameters are given in the following table.
The C - 0 distance is determined by optimizing a planar structure to fit
B + C.

H2 0-CO2  HDO-O'2  D 2 0-CO2

B + C (MNt) 7978.562 (10) 7605.216 (50) 7265.550 (50)

B - C (ftd) 1369.455 (20) 1260.318 (10) 1166.385 (50)
Dipole Moment (D) 1.8515 (10) 1.8911 (10) 1.9285 (10)

C - 0 Distance (A) 2.836 2.826 2.821

A spectrum calculated using a semirigid rotor model does not reproduce
the observed transitions within experimental error but the difference
between the observed and calculated values is within a few hundred kifN
in each case. The presence of hindered internal rotation is inferred.

AMddoe of Peteeon, Fisher and K&eImgrerz Department of Chemistry
Harvard University, Cambridge, Massachusetts 02138

as
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FC8. (10:27)

THE KYSTERY OF ArHCN

G.T. FRASER, K.R. LEOPOLD, F.J. LIN, AND W. KLEMPERER

The rotational spectrum of the K=O levels of the van der Weals
complex ArHCN has been obtained by molecular beam electric reson-
ance spectroscopy in an argon expansion. For ArHCN the J.J+l, J=0
to 4 transitions were observed while for ArDCN the J4J+l, J-0 to 6
transitions were observed. The spectroscopic constants for the K-O
levels are:

B (bMH kt) pJ ~ ka e (N) (MHz) lU

ArHCN 1609.832(3) 170(5) -2.842(14) 2.6272(19)
ArDCN 1574.8(j) 96(6) -3.158(25) 2.7496(26)

The spectrum does not fit well to the linear rotor Hamiltonian
H=BJ(J+l)-D J2 (j+l) 2 . Furthermore, the derived centrifugal distor-
tion constant Dj, and its change upon deuterium substition are un-
expectedly large. The rotational constants are consistent with an
average structure in which the hydrogen points toward the argon.
The average distance between the argon and the center of mass of
the HCN is 4.34A. The angle between the HCN axis and the a-axia
as derived from both the dipole momant and quadrupole coupling is
about 30'. Stretching and bending fraquecies of ArHCN derived
from the usual treatment are each 10cm- suggesting that excited
levels should be populated in the beam and attempts are presently
underway to observe transitions from these levels. The small bend-
ing and stretching frequencies are not understood since the ond
strength of ArHCN must be greater than that of Ar2 (De100cm-, We -26cm-')5

Address of Fraser. Leopold. Lin and Klemperer: Department of Chemistry,
Harvard University, Cambridge, Massachusetts 02138

FC9. (10.44)

ROTATIONAL SPECTRA AND STRUCTURES OF HCN-CO 2 AND DCN-CO2

K.R. LEOPOLD, G.T. FRASER, AND W. KLEMPERER

The rotational spectra of H80-CO 2 and DON-CO were observed
using the molecular beam electric resonance technique. The fol-
lowing spectroscopic constants were determined:

A (14(z) 11861(12) 11670(230)
B+C (MHz) 4088.114(82) 3859.43(42)
B-C (M3s) 364.91(16) 323.4(2.8)
e00 (N) (M) -4.068(14)
DIple Koment (D) 3.2005(60) 3.2235(55)

The molecule is T-shaped with the nitrogen bonded to the
carbon of CO . The N-C van der Weals bond length is 3.0A and
the average ingle between the a-axis and the RN axis is 18.

Address of Leovold.Praser. and Klemerer: Department of Chemistry
Harvard University, Cambridge, essachusetts 02138
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FC10 .! 1

DEUTERIUM QUADRUPOLE COUPLING CONSTANTS IN VIBRATIONALLY EXCITED HCCD:
EVIDENCE FOR ELECTRON REORGANIZATION

M.D. MARSHALL AND W. KLEMPERER

The 1-doubling spectra of monodeuteroacetylene have been obtained
in the v4 =1 (C-D bend) and v5 =1 (C-H bend) states of the molecule with
resolution sufficient to determine the deuterium nuclear quadrupole
coupling constants. The spectroscopic constants obtained from the J-1
rotational level are:

v4=l V 5=1

D
eqQzz (kHz) 207. (6) 221. (2)

D D
eqQxx- eqQ (kHz) -31. (22) -6. (4)

CD (kHz) -6. (2) -1.5(3)

CH (kHz) --- -20.0(5)

p. (D) 0.02359(11) U.05624(3)
q (MHz) 133.0506(9) 105.6993(2)

These results 1 are in essential agreement with the microwave work
of Hirota, et. al. in which B was determined along with p. and the
1-doubling constant. v

A vector-tensor model of the electron distribution is used to discuss
these results, and it is shown that they are inconsistant with the
assumption of a cylindrical electron distribution about the C-D bond axis.

l.J. Phys. Chem., 84, 1793, (1960)

Address of Marshall and Klemperer: Department of Chemistry. Harvard
University, Cambridge, Massachusetts 02138

FCI . 1!:18)

THE ROTATIONAL ZEEMAN EFFECT IN THE ArOCS VAN DER WAALS COMPLEX

J. A. SHEA, W. G. READ, AND E. J. CAMPBELL

The rotational Zeeman effect has been measured in the weakly-bound couplex
ArOCS. The study was carried out on a pulsed Fourier-transform microwave spec-
trometer employing a supersonic nozzle and a Fabry-Perot cavity. The following
spectroscopic constants were obtained:

gas - -. 02483(21) 
2
aazXbb-Xcc - 1.313(32) x 10

-9 MHz/G
2

gbb - -0.000t 123) 
2
ibbXcc- ea - -3.762(26) x 10

- 9 
MHz/G

2

%e - -0.00558(11)

Projection equations are used to relate the magnetic properties of free OCS to
those of tjhe complex. An analysis of the force field as obtained from centrifugal
distortion is used to determine an average structure for AzOCS and mean square
amplitudes of the van der Weals motions. These are used to augment the projection
analysis. The molecular q%adrupole moment of ArO is calculated from the Zeaman
paramters. With an estimated bulk magnetic susceptibility, diamagnetic sucepti-
bilities and the second momenta of electronic charge distribution are also calcu-
lated.

Address, School of Oemical Sciences, University of Illinois, 505 S. Mathews Avenue,
Urbana, Illinois 61901
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FC12. (11:30)

THE ROTATIONAL ZEEMAN EFFECT IN THE OCO-HF, OCO-DF, OCO-HCL, and SCO-HF COMPLEXES

i. A. SHEA, W. G. READ, AND E. J. CAMPBELL

The rotational Zeeman effect has been measured in the hydrogen-bound complexes
OCO-EW, OCO-DF, OCO-HCI and SCO-HF. The zero-fiel rotational spectra of the isotopic
species SCO-oD, 34SCO-HF, Ol3CO-RF, 8OC O-HF, OI3cO-HC1, and 1OCI80-HC1 have also
been measured. The above studies were carried out on a pulsed Fourier-transform
microwave spectrometer employing a supersonic nozzle and a Fabry-Perot cavity. The
following spectroscopic constants were obtained:

XI I-I.,
9__ (10-9M2z/G 2  B (MR (z) X (Jz) Sa (MHz)

O CO -HF -0 .0 139 3 (27 ) -1 .39 (19 ) ---...... .
OCO-DF -0.01384(12) -1.16(10) ---......
OCO-HCl -0.005808(32) -1.45(4) ......... ...
SCO-HF -0.01002(14) -2.53(17) ---.... ..
SCO-DF ----- 1290.7348(13) 0.01876(9) 0.242(10) ---34

SCO-HF ----- 1277.59298(3) 0.0023040(7) ... ...
013CO-HF ..... - 1939.7749(5) 0.01052(2) --- 0.101(4)
180Cl

8
0-HF ----- 1870.84244(5) 0.010031(2) ... ...

0
13
CO-HC1 --- --- 1099.7833(2) 0.004577(3) -49.586(4) ---

180C180-HC1 ...... - 1059.5772(1) 0.004288(2) -49.65(4) ---

The Zeeman parameters are compared with values predicted by a set of equations
which project the values of the individual subunits. The Zeeman parameters allow
calculation of the quadrupole moment of each complex. With an estimated bulk
magnetic susceptibility, diamagnetic susceptibilities and the second moments of the
electronic charge distribution are also calculated.

Address: School of Chemical Sciences, University of Illinois, 505 S. Mathews Avenue,
Urbana, Illinois 61801
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F . (8: &J)

SINGLE CFYSTAL i-4AJ' LPLCOTRA OF ;.&GXRS1TJii AND Z~hC PERCkiLOdATE HXYD~tATB,;

I. B. PATEL, Al.ZhU AGARWAL, AND H. D. b135

Raman spectra of single crystals of i;(CC 4 )2 -6"2 C and Zn(CIC 4)2 .61%

are presented for the firt time in the region 20-4000 cm-1 . Art laser
(514.5 nm) was used for excitation, and polarization studies were made in
all the orientations of the crystals. The observed lines atre attributed to
the phonons originatinG from the Raman active modes of isolated ClCj(Td )
and [I4'(OIL2)632+ (T.) units. The 2h symuetry considered for [14(oi, )6l2

complex is found consistent with the known crystal space group, C v, of the
salts and results in correct symmetry classification of the 174 phonon
braches as 48A1  39A2 + 48B1 + 39B2 in the unit cell. It is also shown
that the water molecules lie almout in a plane perpendicular to the crystal

c-axis.

i . Ghosh and S. Ray, Z. iristallogr. 145, 146 (1977).

Address: Department of Physics, Indian Institute of Technology, Kanpur 208 016, India J

eD2. (8:47)

INFRARED AND RAMAN SPECTRA OF MATRIX ISOLATED
(Pbo) n SPECIES

by,
Y.J. Park and R.K. Khanna

Department of Chemistry, University of Maryland
College Park, Maryland 20742

and
Bertram Donn

Goddard Space Flight Center, Greenbelt, Maryland 20771

Abstract

The infrared and Raman spectra of PbO vapor co-condensed
with excess N and Ar on a cold substrate ( -12K) were investi-
gated. The spectral changes accompanying the heat treatment
(controlled warming for a specified period) of the sample
were utilised to decipher the vibrational frequencies of
monomeric and polymeric species. Normal coordinate treat-
ment of the date enabled us to elucidate the structures of
dimeric.trimeric and tetrameric species. A comparison with
the results of SiO suggests different mechanisms of condensa-
tion in the two cases which will be discussed in this report.

C--
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FD3. (9:04)

VIBRATIONAL SPECTROSCOPIC STUDIES OF SO3 IN SOLID STATE

by, G.V. Jere*, M. Ospina**, R.K. Khanna* and J. Pearl
e*

* University of Maryland, College Park, Maryland 20742

** Goddard Space Flight Center, Greenbelt, Maryland 20771

Abstract

Sulfur trioxide is an interesting molecule for vibra-
tional spectroscopic studies because of its structural
complexities in the condensed state. In this investigation
sulfur trioxide was prepared by thermal decomposition of
anhydrqus Ferric sulfate and copper sulfate in vacuum
( -10

-
9 torr). The evolved sulfur trioxide along with some

sulfur dioxide was condensed on a Cesium Iodide plate at .12K
in a closed cycle helium cryo-cooler. Detailed analysis of
the infrared and Raman spectra of the saMple at several
temperatures between 12K and 300K has enabled us to follow
the phase changes in solid sulfur trioxide. Structural
aspects of different phases of SO3 will be described in this
report.

FD4. (921)

RESONANCE RAMAN STUDIES OF GAS PHASE AND CONDENSED PHASE METALLOPORPHYRINS: TEMPERATURE
DEPENDENCE OF VIBRATIONAL FREQUENCIES AND VIBRATIONAL ANHA34ONICITIES

J. L. MURTAUGH AND S. A. ASHER

Metalloporphyrins are introduced into the gas phase by heating the porphyrin to
350'C under high vacuum. Resonance Raman measurements in conjunction with absorption
spectroscopy and mass spectral studies indicate the Ni(II) octaethylporphin and Co(II)
octaethylporphfn are stable as four-coordinate gas phase species. The geometry of these
gas phase porphyrins appear to be identical to that of the condensed phase species at
similar temperature. Resonance Raman temperature dependent studies of both gas and con-
densed phase metalloporphyrins indicate a general lowering of the Raman frequencies as
the temperature increases. These data suggest significant anharmonicities for low fre-
quency porphyrin vibrations. The temperature dependent results will be related to the
frequency shifts observed in recent photochemically generated transient Raman studies of
hame proteins. In contrast to the Co and Hi porphyrins, ligated ferric porphyrins and
manganese(III) etioporphyrin undergo internal oxidation-reductions as the samples are
introduced into the gas phase. The metal is reduced while the ligand leaves as ar atomic
species. These results will be discussed in the context of porphyrin chemistry.

Address of Murtaugh and Asher: Department of Chemistry, University of Pittsburgh,
Pittsburgh, PA 15260
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FD5. (9:43)

DEVELOPMENT OF INSTRIMENTATION FOR TUNABLE UV RESONANCE RANAN STUDIES IN THE 217-400 NM
SPECTRAL REGION.

S. _A-. ASHER, C. R. JOHNSON, AND J. L. MURTAUGH

A new resonance Raman spectrometer tunable between 217-800 rm has been constructed for

studies of aromatic molecules with absorption bands between 217-260 n. The excitation
source is a high-power Nd Yag laser which is frequency doubled or tripled, and pumps a dye
laser, yielding tunable light between 370-800 me. The dye laser light is either mixed with
the 1.06 um Yag fundamental, frequency doubled, or frequency doubled and mixed with the
1.06 pm radiation to yield light between 217-420 m. The spectrometer uses reflective
collection optics to avoid chromatic aberrations and the Raman light is dispersed by using
either a triple or high resolution modified double monochromator. The Raman scattered
light is detected by using an intensified Reticon detector which is gated on during the
4 nsec Yag laser pulse. The gating decreases interference from sample fluorescence. The
novel features of the instrument will be discussed in the context of the sampling method-
ologies required for UV resonance Raman measurements using pulsed laser excitation sources.

Address of Asher, Johnson, and Murtaug: Department of Chemistry, University of Pittsburgh,
Pittsburgh, PA 15260

FD6. (1O.co:

UV RESONANCE RAMAN EXCITATION PROPILES OF BENZENE IN THE 217 TO 270 NM SPECTRAL REGION.

C. R. JOHNSON AND S. A. ASHER

Resonance Raman excitation profiles of benzene have been obtained in the 217-260 nm
spectral region within the B benzene absorption band. The excitation profiles indicate
a large intensityldependence h the excitation wavelength is tuned through the vibrfclc
envelopes of the electronic transition. The excitation profile of the 992 cm- ben-
zene vibration will fe discused in the framework of current resonance Reman theory. The
benzene excitation profiles will be compared to excitation profiles of other substituted
aromatics. The utility of U resonance Raman spectroscopy as a selective probe for aromatic
residues in polymers and proteins will also be discussed.

Address of Johnson and Asher: Department of Chemistry, University of Pittsburgh,
Pittsburgh, PA 15260
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MUENTER, J. S.-FC4, FC5, FC6 PHILLIPS, C. M.--RG6 RUSSELL, J. W.--RCID
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NAXAKIS, S.--PB8 POOL, J. L.--MH8 SAYKALLY, RICHARD J.--MF8, MF9,
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NITZ, DAVID--FC3, FC4 MG9, W.10 SCHERER, G. J.--TC'6
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HOLD, D. W-RE12 PUGH, LARRY--Presidinig over SCHLAG, E. W.--WH'2
NORDSTROM, BOB-.Presiding Session ME SCHMITT, J. -- TA6

over Sessions TC end TC' PULCHTV'PEK, S.--WVI SCHUHI, H. D. -- WVB, WF9
NORMAN, J1. B.--PBIO SCHULER, R. H.--RC11
NOUR, E. M. --MHl SCHWEDA, H. S. --FBIO

NOVROS, JOEL--MG5 QINGSHI, ZHU--FAll, Presiding SCHWENDEMAN, R. H. --TE3, TE4
NOWAK, M. J.--RH9 over Session TG SCOTT, J. D. -- TH'6(Z4)

0 qJADE, C. RICHARD--TG5,REl,RE2 SEARS, T. J.-TAIO
_ QUALEY, J. R., 111--FA14 SEAVER, M. S.--MGI, 1932

O'CONNELL, J.--ME2 SELISKAR, C.J.--R15, FA15
OIHASHI, N.--TA5 R SELZLE, H. L.--WH'2
OKA, TAKESHI--MVI3(E 10) , RAAB, M.--TVI SEN, A. C.--RC6
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O'KEEPE, .1. V. --VA1. RAGHUVEER, K. --TV6 SHAVITT, I.--RB6, RB?
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RAW, Y.--TG3 SLA24GER, T. G.--WV3
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PARK, Y. J.--115 REEDY, GERALD T.--RHII(r 9) MR113
PARKER, PAUL--Prosiding REISNER, D. E.--RF11 SWAVELY, D.--WHd3, WH'4
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TRAurSE, J. T,--RG3 
ZII4NERMAN, GEORGE L.--RH1I(79)

TRIPATHI, G.R--I 
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